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This book discusses questions of tr.e theory* and practice 
of exposure rr.easureisents , and considers the objective Tsethod 
of detencininr ptiotorraphic exposure ani the principal fj%ctors 
affecting its value. 

ITie book is written for qualified readers. 

Criticisics and rerarks should be sent to "Iskusstvo” 
Fublishinr h.ouse, Moscow, 1-51, Tsvetnc j Pul’var, T 
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D.’TRODUCTION 


The precise determination of tht tj 


ions of expos 


Is not an easv 


task. Its correct solution determines not only the technical quality but also cer- 
tain artij-t,ic features of still and motion pictures. 

The study of the principle of the theory of exposure measurement is th.erefore 
one of the roost important sta/res in masterinr the ax-t, and is compulsory not only for 
the notion picture operator and professional plioto/trapher, but also for the serious 
amateur photorrapher . 

In connection wit:, the peculiarities of multi-layer films used in color pno- 
topraphy, and the wide emplo^Tnent by amateur photo^apher of the method of time de- 
velopment of negatives, the requirements for exact determination of the exposure con- 
ditions r-ave ver;/ greatly increased. T^.e practice of visiial •stimation ”by eye'» of 
the most ir.portar.t exposure criaracteristics of the object photographed and of the 
illumination can :.o lon>'er assure the quality and necessary constancy of pnctc graph- 
ic results. 'Hie efforts looking towards a development of a technique and creation 
of instruments encouraging the objective soli:tion of this very important problem is 
therefore entirely justifie<i. 

In this connection, on the basis of the advanced experience of professional 
Soviet mot ion- picture operator art, and the accomplishments of Soviet mot ion- picture 
technology, a scientifically founded technique has been developed for determining 
the conditions of exposure, and photoelectric instruments have been designed to as- 
sure the attainment of objective estimates of the exposure conditions of a photo- 
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THE PROBLEM OF THE CORRECT DETERKIIUTIOK OF THE TIME AND O^DITIONS 
OF EXPOSURE IN STILL AND MOTION PICTURE PH0TC)C3UPHT 


“nie li^ht r^ys reflected by the objects of a photograph, passing through the 
camera lens, form a real optical image of the objects photographed on the sensitive 
layer. The illumination and color of the indiridual elements of this image depend 
on the differences of brightness and of color of the objects photographed, on cer- 
tain features of the optical sys ten. of the camera, and on the transparency of the 
air between the objects photographed and the camera. 

The photochemical action of these light rays is determine*! by the ill uirinat ions 
produced on the sensitive layer by the elements of varioxis brightness in the optical 
irage, by their spectral characteristics , and by the exjx>surc time. 

llie quantity of illurdnaticn acting on the sensitive material during exposure 
may be represented, with sannj sirnplification, for each individual area of the opti- 
cal image, in the fonr. of the equation 


where H is the quantity of illumination on the sensitive film, expressed in lux-sec; 
E its illurJunation in lux; t the time of action on the light of the sensitive layer, 
expressed in seconds « The value of the illumination of the layer E and the expo3ui*e 
time t in this equation are directly related to the value of the expos ure* H, and 
* It should be remembered that the concept of exposure, i.e. the quantity of 
illumination, defined as the product of the Illumination of the photographic layer 
by the time of illumination, should not be confused with the idea of length of ex- 
posure, i.e. with the time interval dxiring which the sensitive layer is subjected to 
the action of light* 
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their variation should affect the variation of the value of li to the same extent. 

Experience has sho^, hofever, th^t for certain cases of the action of ll^ht on 
photographic materials, this proposition proves to be not entirely true. In studies 
connected vfith stellar photography, it has been established that at very low illumi- 
nation and correspond ini' lerigthening of the exposure time, i.e. with constant total 
quantity of illumination, the resultant total blackenin;^ of the sensitive layer vas 
found to be considerably reduced. 

It was fouTid that the blackening so obtained cannot be considered directly pro- 
portional to the product Ext, and th^t in these cases the equation - E x t takes 
the form H ' E X t^, where r is an exponent vrhich, for most modern negative materi- 
als, unler ordinary conditions of illumination , is found to be equal to C. 9, and 
for individual highly sensitive materials, nay go as high as 0.95- For most still 
and motion pictures taken under ordiriary-* exposure conditions, the influence of this 
correction nay be neglected, but in cases wt.ere the lens is stopped down considerably , 
as well as in certain cases of photography at very low illumination, the value of 
the necessaiy,* exposure correction ray be determined by experis^nt or caie^ilation. 

As an example, let us consider the following case. 

A certain degree of blackeninr of the f^»otographic layer, defined by the opti- 
cal der^ity of the negative was obtained by us as a result of the exposure 

h: = E X t . In cases wiicre, with decreased illumination of the object photographed , 

or by stopp nr down the lens, the illumir.ation of the layer E is reduced by a factor 
of IOC, the lengthening of the exposure time like%ifise by a factor of IOC, as would 

» The density of a layer with the transmission factor 0.1, i.e. one passing 
1/10 of the light falling on it, is taken as the unit of optical density, or blacken- 
ing. For convenience in calculation, optical density is expressed by the comaon 
logarithm of the reciprocal of the transmission factor, "nie value of the optical 
density is proportional to the quantity of metallic silver reduced, as a result of 
I exposTire and development, on \init area of the sensitive layer. 


STAT 
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follow from the equation H - E x t, has been found to be inadequate to obtain the 
same density !), at constant exposure time, owiry; to the influence of the factor p, 
with the same development time. Ut us assume, arbitrarily, that the value of p is 

0. .’9 for the negative material used in taking the picture. Then, with a 100-fold re- 
duction in illurination of the la-.-er. i.e. at E . E/IOC, the necessary exposure time 
tp IS found to be not ILX.' t, but, in accordance with what has been set forth above, 
must he IOC: t*- • V (sic.), pi^e exposure time trust therefore be increased by a factor 

of 3..0 instear cf IfO. Obviously such a correction is of most substantial practical 

1. mj:x?rtance , 

In con.*ect.ion w..th ^he var^'a-r.r illiiriinations produced on the sensitive layer bv 
trie optical iiaareo of the ob^cts photographeti , the individual areas of tnat layer 
receive varying qi:antities of ill urination for the 3 an;e exposure tir^. Tr.us, if, re- 
gardless of the brightness ^f the pnctorraphed ob.;ects, the blackening of the sensi- 
tive la; er were found in all cases to be strictly projort ional to t.ue values of illu- 
mination of the layer, then it would be relatively easy to solve the probler. of cor- 
rect exposure in motion and still photographv. 

In reality, r.owever, th.is probler. is fo’ind to be incomparably acre corplicated . 
Let us discuss this subject in more detail. 


The Characteristic Curve 

A study of the photochemical action of light has shown that the relation be- 
tween the blackening of the sensitive layer and the quantity of illurdnation causing 
that blackening is subject on the whole to certain general regularities which vary 
suDstantially according to the character and type of the films and plates vised. 

To elucidate the features of photographic materials, these relations are cus- 
tomarily expressed in graphic form in the shape of the so-called characteristic 
ctirve. 

In constructing this curve a coordinate system is used, and the qi:antity of il- 


STAT 
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lumination, expressed in the form of the logaritlim of the value of the exposure, is 
plotted or* the l^orizontal axis, and the optical density of blackening on the vertical 
axis • 

To study the peculiarities of the negative materials used, they are subjected to 
the action of quantities of illiunination increasing in a certain definite order. 

By developing- fne sensitogram so obtained under standard conditions and measur- 
ing'; the optical density of Individual fields resulting from exposure and development, 
we construct tlie characteristic curve of the material being tested (Fig.l). 

Relative quantity of illiurinat ion (the exposure Corresponding to Beginning 
of the Linear Seginent of the Cy^aracteristic Curve is T^ken as bnity) 

1/:' 1/4 1/2 1 2 i F 16 32 64 12 2 56 512 1024 

Relative Quantity of Illumination 
1 2 4 16 32 64 128 2 56 312 1024 ZQi^ ^096 gl92 

ii =• li;x X sec. 







Fig.l. Sensitograrn and Characteristic Curv^ of the Negative Katerial. 
a) Photographic Width 


As an exaa^le, let us consider the test of negative material ("Panchrom” type 
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A, emulsion No • ) , the results of which are fjiven in T^ble i. As wili be seen 

T^ihle 1 

Ratio of Quantity of Illumination of Sensitive Layer and Density 

of Sensitof^rar. 
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from this Ifeble, the quantity of illumination for each successive field of the sensi- 
togram is double that of the preceding field. 
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ino uata oi Table 1 on the differences in the optical density of adjoining 
fields of the sensitograra given an idea of the regularities in the increase of black- 
ening that characterize the peculiarities of the negative material under study* At 
the beginning of the scale, the increase of optical density corresponding to the ex- 
P<>3ure3 for the second and third fields of the sensitogram Is very small, and is e— 
qiial to C.C2. Ii-iCreasing gradually, the difference between the density of adjacent 
fields reaches c**.*, for the fir*!, and sixth field, nt some segment, the increment 
o. density rer*iin3 constant, and then, from the 11th field on, begins to decline and 
falls to the value O.C.3. 

.ne are tnus able to note the existence of trj*ee rerions: in the first region, 
the 'difference between adjoining iensities increases from field to field; in the 
second it raintains a constant value; in the third, it again begins to decrease. 

Let us plot the lorarit^uus of the exposures given in Table 1, obtained for the 
separate fields of cur sens! to. "ram,, on the horizontal axis of a grapr. (Fi<’.l), and 
-..e optical densities corresprn r irsg to these lorarithrrjs on the vertical axis. Tf.ese 
a/:iaritit ies will obviously be the coordirates of tr.e points to be plotted on the 
grapn. Fh.' ccnr.ecting these with a scoot}, curve, -re obtain the characteristic curve 
of the negative material. Or. considering this curve, it will be seen that it can 
likewise be divided into tl.ree regions, j-assinn s.rcothly into each other. In the 
central and rrair. jart, the characteristic curve coincivdes with, a strai-ht line. 


.'/it.hin the limits of this section the increase in the density of blackening is di- 
rectly proportional to the logarith*jr. of the exposure, and equal increments of expo- 
sure correspond to equal increments of optical density. 


Regions of Normal 


osure. Underexposure and Overexposure 


section A-B on Fig.l is termed the region of normal ex 7 x>sure, or region of 
proportional reproduction of the brightness of the photographed object; this is the 
most important part of the characteristic curve of negative material. In the lower 


U 
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part of the ciirve, the section B-A, this proportionality is absent, and the increase 
in the blackening, of the layer laf,s markedly behind the increase of the exposures to 
wliich it is due. This section of the curve is usually called the region of underex- 


There is likewise no direct proportionality between the optical densities and 
the lor:aritliir^ of th.e exposures in the upper part of th:e curve, the section B-C. 
•n^.is section is ternied the rerion of overexrosures , ns in the region of ujiderexpo- 
sures, the increase of optical density of blackening of the photographic layer in 
this section lags behind the increase of the exposures to which it is due. 

?'rc-c: tr.e point of view of exposure cjeasurement , the forr. of the ci^aracteristic 


curve IS cl 'reat interest. ;cr it 


deterrd.ne5 the features of a negative ir^aterial 


'ions between the densitv of blackening and the exposures responsible. 


he value of the i!;it 


the characteristic curve is particularly 


irportant. in sor.e negatii'e rateriais tr.e .e.ngtr. o! t.his section is r*nu*:' 
and covers a cc rnsiderabl e interval of exposures. In this case the 
characteris t i c curve ' egins cnly ,it ‘ bie rericn of relatively 'real densities of 
blacker-inp. 

In raterials with, a short and steep initial section, howei-e:', the berinniny of 
the linear section of the curve corresponds to relatively' low densities. In this 
connection, the interval of exposures covered by trie initial part of the cur'/e in 
such negative iraterials is very short. 


The Contrast Factor 

In working on different negative materials, the contrast of the objects photo- 
graphed are differently reproduced. This is expla.lned by the fact that the increase 
of the optical density AD (Fig. 2), corresponding to one and the same increase of ex- 
posure, and consequently, the contrasts of the photographic inages obtained with dif- 
ferent sensitive materials, substantially differ from each other. 
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These features of different necative ir^terials, closely connected with the de- 
velopment conditions, are expressef' by the value of the contrast factor of the sensi- 
tive layer, which is one of its most important characteristics. 


r 



ri/;.2. Contrast Factor of Different Photographic Materials . 


Numerically, the contrast factor, which is u3\jally denoted by the Greek letter 
gacnia (y), may be eTqpressed by the ratio of the difference of two adjacent optical 
densities, taken on the linear part of the curve, to the difference of the correspond- 
ing logarithms of exposure. The contrast factor is equal to the tangent of the angle 
of inclination of the linear part of the characteristic curve to the abscissa axis 
(with the abscissa and ordinate axes on the same scale). 


If the angle of inclination of the linear part is equal to 45®, then the tangent 
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of this anf:le is unity, and consequently the contrast coefficient is also unity. In 
this case, all differences in the brightness of individual elements of the photo- 
grained object vriil be exactly reproduced in the negative, and to the increments in 
the value of lor )' will correspond the same differences of optical density (Fig. 2 , I). 

requirement that the Yali:e of ti.e contrast factor of the negative shall be 
is'.ity would be correct only if ’he r.erative vere tl.e ultiiriite ob’ect and the silt, cf 
t ne who_e rnotcrra: hie process. Ir; reaj.i*y^ Krvt-ver, the r.erative is .uerely an in- 
ter.Te 'iate stare ir. t .ne ; ro:v,.ct iv r: c! tr.e firUil ; r cturrar.'.ic in^a.-e, and it is frer. 
tr.is I ina^ irri’e t,:.at we :;ust ’.era:.: tr.e r re, : c r*. _c m' rej ro^iucr, io;. cf t:,e contrast 
c f t .h e p: .etc.' r a p ; e-' ; c b j e c t s . 

0i ; secreasirrr trrt-- a.ur^e c i incl irvit icr. cl ' .'.e Imc^-.r secticr. vithir* '.he 2 ir_it 3 


■rui* re 


: - e : . e ; t ; . e 


etweer. the 'nr: t;. esses of th' 




p ro o r 1 1 c r.a I i * y of r e r ro ' i: c * i c : 
rain* ai ne'^ , M:t the cor:trast "roves *r 
.1. reduction ir: the cor:trajr cf the 
live process 'v usinr rx-sitive r^aterial 
negatives j.re in rost cases "'>velcr-ed to a 


socti-r: is ir:cre::. 3 e ^ , a::, tr.e value cf ^ - 1 , * he 

t.'.e brirh* .ness cf ' .ne rd>ject in t.'.e r.erative is 
3 *o e>ua.rrerate : {?ir.;,III}. 

erative imare is corp-ensated in the pcsi- 
cf r.iy.ner cor.trast. Ir. tnis connection, 

ess than lunity. Mevinp picture nera- 


c .h^-o.rc 


the negatives of riniature cameras 


tives are r^uallp* developed tc 
to V » C . - . 

In addition to the proj'erties of the negative material, the time of development 
and the character of the action of t,he develoj-ers used also exerts a great influence 
on the value of y, and consequently on the features of the reproduction of the con- 
trast of the photographed object in the negative. With increasing developinent time, 
the optical densities corresponding to one and the same increment of exposure are in- 


STAT 
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creased, and the contrast of the image likewise increases. With further lengthening 
of the development time, the growth of the value of y slows down, and wtien a certain 
maximum contrast has h^en reached, wfdch differs for rlifferent sensitive materials, 
this increase stops entirely. 

Photo.rraohic Width 


An importarit property of negative 


le same degree of contrast , 


is t.helr rower ^iirectly to reproduce. 


:iiierence3 am relations tn the 


bris’htness of 


‘C* 5 j i.otc Ta' 


T:.13 13 possible only wtiere trie valuej 


the exTxjsures for iiidivi ■; 


iiioivi v^i eqviai ^y— j ri r:,' elements of the motorranhed or 'ec 


not go be'*o:;d the bc’.un^ 


iTies o.' th'.e re.'icn cf norrr^l exj;< 


Let US consider the cl.aracteris tic c-_n 


C.e pro^ ections c: t:.e twc 


i.e. c: tr.e roints A an: 


c- t;.€ lu.e^ir section cf tr 


tf.e roints a 


:r the ne-^ative nater 


te exTcsures at 


ues cf t:.e e>mc- 


sure corresponding to these rcints ar< 


tis ratio betwee:; the rinirur. and raxirur, li 


the ratio between t::er. is 


o- r.criiia^ exjosiu'e, ccrre- 


spondinr to the beginning and end of the linear 3 ecticr. cf the c^urve, thus charac- 
‘-•^I'tzes ‘-he difference in brigntness of tne tnd ividi^al eier.ents of the piiotcgrarhed 
objects, which can be correct]*/ reproduced by the riven sensitive layer and are de- 
fined by the concept of photo gr^^phic width. 

Numerically, photographic width may be expressed either directly, by the ratio 
of the exposures corresponding to the beginning and end of the linear section, or 
logarithmically, in the form of the difference of the logarithms of exposure. In 
our example, the tests of a negative motion picture film of t^^DC A (Fig.l), these 
quantities had the ratio of 6 : 1024, or 1 t 128# In logarithinic expression, the 
photographic width of our material is eqiial to 2.1. 
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The technique of determining' the photographic width of multi-layer color films, 
like the tectmique of deteniJLning their sensitivity, hias not yet been adequately de- 


veloped. 


In practice, the photo^traphic width of co]or nepative materials for lirht of a 
definite spectral comj:x)3it ion , may be approximately estlnated from the value of the 
intei*val of exvosvjres rivinr* lU'riistorted repro<iuction of the color of tr.e objects 
pr.otoprapr.ed . For most co^or filr:;s, t l;e photographic width is low, nni does net ex- 
cee-i 1 : -1-1 : 


sreci'ic sensitivv -ateria- 


rrai -.ic width is ir. constant, -i:ve:. for a riven 
bvions t .at wi.en t:,e ievelcpnent tlr.e %’'aries. 


am t.’.e contrast. 


wict:. tr.e sensitive .ayer -ihewise vary (Fir.y. 


Fir- 3- Variation of rhotorranhic Width of h'epative Jiaterial 
in Connection with Increased Exposure Timie. 

The photographic width of white-black negative materials produced in the USSR 
is very great, and in most cases assures satisfactory reproduction on the photograph 
even for very high-contrast objects. Soviet motion picture negative films have a 
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particularly larre photoFray^hic width, whiich roes as high as 1 : ; 25 /^ and 

higher. 

In spite cf this, in pliot o/ra piling objects part iciilarl y Inrh in contrast, the 
illundnations produced on the sensitive filrj by the optical irages of the darkest 
and brightest elerents of the subject '>e±nr phstorraphed are in nan;- cases beyond the 
liirJ-ts of the illi.r.i nations corres :x>r'-di nr to t.'.e berinninp and en i of tf.e linear sec- 
tion of ^;.e curve. In th.is cor.r'.ect ior. , even exjxrsicres correspon iinr to the bright- 
ness of the iarkest an: rightest c 1 un-.ent.s of *he sur jec* ofter. fail to fit into the 
interval of exposures correspc.. iir.r to t:.e ext rere ••■oir'.ts of nr.e linear section cf 


the c.'aracter 1 St : c curve, ror tr.is reas 


norra^ exr«.'^s*u'<^s , a few r^ 


without a'^Trecia' ic '.c^a *0 * ue nua . : 


Ohi ! ‘ r.e^e reri'r.j are :e term r.e- o'' * :.• 


sse sect.chs server' 


he :;e''ative, i.ue iiilerence lu the : ri nhtnes s cf * :.< 


'ect "h ■'to -"rarhe 1 , let 


a J c r s 1 1 e o : a re 1 c n 


“rexromures ^re a^sc use 


sensitive ^-er ^i-.e- 


’’seful Gra iien 


As the exj-osure decreases, the steepness of 


slcT'C of the curve in the re- 


gion of im'ierexTX'Sxires decreases core and rncre, and the contrast is reiuce 1 (Fir.-.), 
The increments of density corresroniling to one anl th.e same increment of exposure 
likewise diininisn. On further decrease of exjosure, the corrtrast, -iecreasinr even 
rr.ore, reaches the point ^ certain minimum, value, be^vond w'h.ich the details in 

the shadows of the object car. no longer be satisfactorily be distinguished . With a 
still further reduction in the exposure, to a level corresponding to the point D of 
the curve, the layer becomes completely unable to reprodiice separately the differ- 
ences of brightness. 

It is therefore necessary to establish the minimum useful slope of the curve, or, 
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as they say, the value of the mininm;i: useful /.xadient assuring: satisfactory reoroduc- 
tion cn tl.e j.)lioto^:rapn of the details in the 3^)adow3 of the object. Ttiis value 



(Fig. 4) nay be quantitatively represented by the tangent of the angle of inclination 
of the tangent to the lo -arithnic axis of exposures. 

Studies ^lave shown tjat the value of the minir.un. useful gradient is deterrine^i 


ri;-.... C.'-aracteriotic l'.rve cf !e'ative >aterial. .it the Itrir.t 

the Slcje cf t:.e Ci-rve (Minir.ur. Iseful Gradient; 

13 ho 0.2. 

by rare- features of the process of photo 'rapr.i c reproduction cf the hones, and can- 
not he established on the basis of an anal:.'3i3 of the rroierties of tb.e negative ra- 
terials by thercselves. A study of ration picture of r.eratives and positives, and 
also of still pictures, has sh.cwn that the value of the !rinirA:jr. useful gradient for 
the regions of underexposure ray be taken with sufficient accuracy as equal to C.2. 

Tlie Useful Photographic Width 

While in this connection, by analogy with the point (Fig. 5) located in the 
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Let v.s consider this on the exarip]e of a photo^^raphi of a subject, the brif,ht~ 
ncss of the bri/’htcst element of whic)^, under the f;ivcn conditions of ill uni nation, 
is eqv«al to wf:ile the brirntness of the darkest element equals 

The interval of brightness of this object is deterirdned bv the ratio between 
maximum and minimum brirhtness of in,dividual elements of eq’ial brirhtness of the ob- 
ject beinr rhotorrapiied , arhi in thds case will be eqial to 


Let ’..s assu'-.e t.'at t:.e 'pticai i- are of the iarkcst area of t;.e p ;.c tc.'raphed ob- 
ject forme-i bv the lens, w:.o3e hrirhtness i:: eq-vil to : roduces tr;e iI**_m.ination 

on the sensitive layer, wt ile t h.e orticai irarc of the bri’htest element, w'hcse 
brightness is equal to rro-duccs the ili'-r Ination • 

T^'.en , with the f^xrc^sure t ir.e * , tne sensitive layer will rave a series of nian- 
tities of illumination (enicsures; which vnli lie wit:. in the lirlts ^ " * 

After ieveloj-rr.ent , in ncccrdance wit:, tne values of t;:e exposure h.. j and 
optical '’.ensities of blachenlnr cerresnondir..* to and "Vax> *diic;. will r>e eq-.^al 

for this case, will be r reduce: on the sensitive la.yer. 


Minimum Connect Exposure Tire 

Ihe pednts corresponding to the measured densities marked 

on the curo'e of ri/.'^ as the points A and B. If the exposure time t is sc selected 
that the point A is located at the lower bend of the ch»aracteristic curve witriin tlie 
limits of the usefid photo/qra;-:dc width (determined allowinf for the minim.um useful 
gradient, taken as equal to C.2), then vre may speak of the quantity t as the irdnimun 
correct exposure time of the given subject under the given specific conditions of 
illumination# 


STAT 
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In a Ciii\e wt.ere at the yrune rr^ir.ir.iun correct exposvirc tbce of t, the point B on 
tr.e characteristic curve corresponiinp to the qu/uitity iij within the boundaries 

of the useful photographic latitude, all ill^ininat ion contrasts of the elements of 
tr.e optical ir.uice will lc a..it is ictorily reprod\;ceu; in the negative. 

I.et us test this on the analysis of a 
cor. Crete c.uur._rlc from rd-oto/’ra; ;.ic nr-ac- 



fruare", while 


:.auow si.:u o: me 
" ierci:-' "on tne 


sr irntes' 


On the basis of the lata of 7ahl« 1 and of t;;c cnrc'ac ter i st : c cvrrve in Oir.lC, 
we nay .note that bst;; the rainL'r.um a.nd maxisi’vsn or.'tical lens it v ] ie withiin the lin.'^ts 
of the useful photorraphic latitude of our negative niaterial. 

In connection id.th this, all the brlghtnes.s difference.s of the i.ndividual ele- 
ments of the subject are reproduced on the pisotograph with sufficient accuracy, and 
the details are fully preserved in the shadows and highlights of the negative. 



19 


STAT 





■4 


Sanitized Copy Approved for Release 2010/09/03 : CIA-RDP81-01043R000900020001-5 












m 






0 


Sanitized Copy Approved for Release 2010/09/03 : CIA-RDP81-01043R000900020001-5 






Sanitized Copy Approved for Release 2010/09/03 : CIA-RDP81-01043R000900020001-5 









Sanitized Copy Approved for Release 2010/09/03 : CIA-RDP81-Q1043R0Q09QQQ200Q1-5 


From the above the conclusion rv*y be drawn that in photographing subjects with 
relatively small brightness intervals^ we shall be able to satisTactorily reproduce 
all the brightness relations on the photograph only if the conditions of exposure 
are so selected that the exposures corresponding to the weakly’- illuminated shadows of 
the object photographed and to its brightest hi/*}* lights lie completely within the 
boundaries of the useful photographic width of the negative material. 

Figure 11 rives a pKiOtograph of a };olidav illucjination of the building of the 


Soviet. The contrasts of the subject are very 


As in the preceding 


casSj wc rneasuj^e the optical densities on th.e negative of thi.3 pho^ograih and plot 
ther. on the ch.aract eristic c\irve shown in Fly, li- T:.e rnr.ir-.’ir. ojrtica^ lensity 
of the negative is equal to C.l*" (th.e figiores in the fore, ground } , wt.ile the 


(the bright '•^etails of the 


:ed building), i.e, ca/^ls I-"?'. 


case ^x>th the rlnir.u.T. arv: tl'.e ranir^ir lensitaes oi 


ne native no be”cnd t: 


cf the densities corresponding net only *c 


the linear sectio:; of tl'.e c:jiracteristic 


curves, but even the Jisefuj photc.'raphi c widti. of trie negative rr£iter^ai. In wnis 
connection the details tiave conrletely disappearevd in both, tr.e shadows ann the nig.n 


In this case, ai: the co: 
sproduced on the negative no 


ntrasts cf the object phetographed cannot 'oe correctly 
ratter how ]ong the ercpcs’ure tire, 
the ra'orit*' of subjects with the usual srall bright- 


ness ranees, the correct reproduction of all the lifferent decrees of Tri-htness is 
possible even at somewhat different exposure tim.es. 

Allowable Error in Determining the Exposure Tljr^ 

A comparison cf the values of the brightness interval of the object photographed 
and the photographic width will be necessary to solve inost problems of exposure 
measurement connected with the direct determination of the time and conditions of ex- 
posure. For this reason we miut elucidate the relationship between the allowable 
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limit of error in determining the exposure time, the photographic width of the nega- 
tive naterial, and the interval of brightness of the objects photographed. 

The limit of error in determining the exposure time may be numerically deter- 
mined by dividing the usefij expostire range, :,e, the useful pxhotographic vd.dth of 
the negative material, by the value of the brightness range of the subject. 

It is obvio^is that with increasing photographic width of the negative material 
the allowable limits of error in the determination of the exposure time will increase, 
but will decrease with increasing brightness range of the photorrarhed object. 

In tr.is connection tne allowable errors in the determination of the exposure 
tm.e do net exceed a factor cf to f for hi ^h- contrast objects wlnose brightness 

range approaches t.'ie photo 'ra^-h^c width, of t- o ne.^atlve material used. In rhioto- 

objects ol very ..I'h co.ntrast, which, in some cases is more than the width 
of the material, t/ie accvu*acy of determination of th.e exposure time in- 

creases still more. 

In working with color m-u.! t i-layer film^, in coiunection with th.eir small width, 
these recp.J_rer.:ent3 become stricter, even i;. taking subjects with relatively low con- 
trast. For most subjects taken or. blacl: an' wnnite negative materials under the con- 
ditions of .natural illur.iir*ation , however, the allowable errors in exposure determina- 
tion reach a level of 4-b times. 

Ib.e allowable error of exp^osurc are particularly high in photograp'ihliig low- 
contrast objects with a brightness range of 5 : 1 to 10 : 1. In these cases the al- 
lowable errors are sometimes as great as 2C or 3C times. 

Let ’13 verify this on the analysis of a few examples from photographic practice. 

The photograph (Fig. 13) was made on a sunny winter day. The contrast of the 
subject is very high. The br5.ghtnsss of the least bright area of the object (the 
dark figures) is 110, and that of the brightest area, the sky, is 46,000 apostilfes, 
i.e. the brightness range is about 450 : 1. Nevertheless , as a result of a rather 
precise determination of the minimum correct time of exposure, the details come out 
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well in the shadows. All details in the highlights of the negative also are fully 
preserved. In connection with the very low brightness of the figiires, taken against 
the light, the density of the negative in these areas is lower than the necessary 
n i i n i rr u m densities, and the details on these areas are missiiig. 7^6 bri^itness range 
of tiiis subject soniewhat exceeds the useful piiotographic width of the naterial. For 
this reason, even wit!': a precisely detemined exposure time, only the densities of 
the cediur* bright elements of t!ie object will correspond to the linear section of the 
C'urve (Fig.l4). Other, less brig!it areas are underexposed. In this case, by in- 
creasing or decreasing trie exposure, we only shift the whole scale of t!.e brightness 
of the object towards the region of underexposure or overexposijre , as the case may be. 

In photographing similar very higri-contrast subjects, no deviation at all from 
the accurately detemine<d exposure time, assuring the orti.rxm results, can be ai- 
lowed. 

The photographic portrait of the child in Fi.r.li right be taken by the light of 
two photographic bulbs, and 5Cxl Vvatts. Ti.e brigriness range of this object is 

small, and is about 14 : 1. Let us measiu'e the optical densities of blackening on 
the indi\nidual areas of the negative of th.is photograph and plot them on the aixis of 
optical de.nsities (Flg.lt). Tne niuiimum. optical density of this negative is 0.40, 
and the maxinum 1.15- 1716 exposure tire for a lens stopped dovm to 1 : 4.5 is 1/10 

sec. With this exposiu'e time, al" the brightnesses of the object fit f ul 1 y within 
the limits of the photographic width of the negative material. 

In connection with the small interval of brightness of the object, the exposure 
time could have been (cf.Fig.l6) reduced to 1/15 sec or lengthened to 1 1/2 sec 
without appreciable damage to the quality of the photograph. In spite of the varia- 
tion in the total density of the negative, in both these cases all the brightness 
differences of the individual elements of the object were reproduced rather correct- 
ly. The allowable errors in determining the expos lire time in photographing similar 

subjects are relatively great and may fluctuate in rather wide range. 
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"Hie photograph shown on Fig ,17 was niade on a cloudy winter day diiring a fog* 
T^e exposure was 1/50 soc with a stop of 1 : 3*5* The object is low in contrasty 
since the fog filling; the spAce between the object of the photograph and the camera 
had almost no effect on the brightness of the light elements of the subject, but 
substantiall;;’^ increased the brightness of the darkest areas* In connection with 


Fig. 13* Passage toiler Arch. (FKcto by Ye.Krj'al-ri'in). TJie Brightness 
Range of the Photograph is About i.5C : 1* 

this fact, the brightness range of the object is very low (about 5:1) and is con- 
siderably lower than the photographic width of the negative material tised. In this 
case, too, the negatives obtained at various exposures (within the limits of the 
useful exposure range) %fill differ among themselves only in density, but the con- 
trasts of the object will be reproduced in the same way on all these photographs. 

The r^Totographic width of the negative material used in for the photograph is 
1 i 12a. ‘me brightness range of this object was 5:1. The allowable limit of er- 
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ror in determining; the exposure time will bo expressed by the ratio 128 : 5, i.e. it 
will be about 25* Hiis conclusion is completely confirmed by experiment. Thus, if 



Cr.aracteris tic Curve of ’.eyative Material, Tlue Feints l^arked on 
this Curve Cerresren i to the yinir:i;r. and :2kxiinum Optical Densities of the 
i.’e-tative of this Photorjaph. 

a) SV-t; b) Dark fiyiires; c) Brightness range of object; d) Photographic 
’Width 128 : 1 - ; e) Useful photographic width, determined after ai- 
lovring for the value of the minimum usefitl gradient = 0.2, 

316 1 

at exposure 1/50 sec, the minimum density of the negative is 0.4 (the dark figures 
in the foreground), and the maximum is 0.^52 (the bright parts of the sky), then when 
the exposure is increased 25 times, i.e. to 1/2 sec, the densities of the same areas 
of the negative are increased resp^ectively to 1.4 arKi 1.82, but the contrasts of the 
image, as will be clear from Fig. IS, remain unchanged. 
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Fl««15« PorUmit of a Child* Brightness of this Object is not Ghvat 
and is about 14 : !• (Photo by O^Ardeyer). 



tiw adaim wtfnl dwMdtr of tti* 4^ 
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ative. In ad.ntion to the relation between the quantit-- of illumination actinf on 
tl.e eeneilive Uvor and the deneitiea produced as a result of exposure and develof^ 
nent - a relation tfut has alread;- been di3cusse<1 - it is also necessar-- to d^ell on 
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(ef ! 
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--I — 


t f 


u a; 



:0! - 


• ■. ^rfc?3\,re Tire ir. 7a.ki:u; t}.e lortrai*. Shovrr, in Pi,.'.:;, in View 

tne Brir/itness Pan.-e cf t}.e Cbject, CciLl'i be ohorter.en to i/i 

sec or Lenrthencd to 1 2/2 sec without ftirarinr the Q'.i^ilit- of the 

ricture, 

a) Cb-, exposure of I/IC sec; b) On exix>sure of 1 1/2 sec; c) Brir!>tness 
ranee of object. Ex,x>s.^e 1/1 5 sec; d) Brirhtness range of object. 
Exposure 1 1/2 sec; e) Brightness range of object. Exposure l/lO sec; 
f) Useful photographic width determined after allovdng for the value 
of the minimiim useful gradient » 0*2. 

the influence exerted by the features of the negative mterial on the value of 
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If tilt- rei:iyn of i-nierexpogiirea for a i’iven sensitive layer is small and the 
characteristic curve iias a shiort and steep initial section, tr;en the value of the 


Al A 

f 







■ ieatr.cr. isrLr^.tr.ess - 


/ery Aro-.: 


srrniies* is-f':: dcrc 3 i*,- and consequently also that of the correspondinr rini- 

r.ur. correct enr'C.jure tare t..^„, '»fill also be relatively snail. 

7cr a iifferent r.erative raterial with a larger reyion of underexposures , i.e. 
with an elongated initial area, the \^lue of the rrinir.:ur. correct exposure tir.e t 2 voi- 
der the sarce conditions of exposure and development will already be different. In 
this case, as shown in Fi£.19, the value (^or a nef^tive naterial corresponding 

to the curve with a large region of under exposure) vrill be considerably greater, 
and it my be found that the exposure time in the second case is too great. In real- 
ity, ho%#cver, even in such a case, this will completely satisfy our definite Kinimum 
correct exposure time. 


7 


Sanitized Copy Approved for Release 2010/09/03 : CIA-RDP81-01043R000900020Q01-5 





Sanitized Copy Approved for Release 2010/09/03 : CIA-RDP81-01043R000900020001-5 



The practical value of the accva'ate determination of this mlnlmiim. ne^tative densl 
tN is partictilarl^. in color ph.otoi^raphy , and in j hotonraphinc objects distin- 


iPJASi’iC* hr very snail details. In th 


ese cases, in connection vrtth the considerable 


Tf * 
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>/ rym 
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of ZCrrcr :n netermir: ‘ ::e }o:posia'e -re for ‘ie 

C-::.Jec* : resented in Fir.:". 

a/ At -vvpoc-jrcs :/r acc; ' ) o:.r;«3-:rc 1/; sec; c) t) -lark firi^-es; 

e) 3k;-: f) 'iark rir-ares; ,-) •’ri-htness n.ncc of ob;oct, Fccposure l/fC sec; 
Brirhtness rar.rc of cr.Ject, -x;o3ure 1/2 sec; i) Flotorrafki c -.-i-lth 


scattering of light in the em-.asion la:.'er3, leartinr to a lowerinr of the resolving 
power of the negative material, the best results are attained at the lowest possible 
values of The exposure tin-.e for such photographs must approach the exact -/al- 

ue of the minijnum correct exposure determined after allowing for the useful photo- 
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; rarhic vdritr .-.f thn nerat.ivc nateria]. In tfie case of faijiire to satisfy this re- 
q-oixement, and t;ie stilJ ftreater lowering of the value of i.e. of the ndniu.ua 

laeful density, beyond the lirdts of the lower bcixdan’ of the useful photographic 
width, the necessary proportionality of reproduction of the difference of brightness 
i.n the sliadows of the object is impaired. Obviously at still ,-Teater reductions in 








Ltion Cl .ve.'i^on 


i-ropor Herior. of Contrast. Usinr 


::6,-ative yateri 


0 Vseful photographic vi :^h; b) ^’sefifL ihctc— arhic v^dth. 


lersitp, t.e. at 


■ erex^ o-aures 


tr.e -arker areas of 


the irare vril] cease to be ■:istar..'pjisrable , and the details in the sh 


'adcws vd-ll dis- 


An example of this rap be piven in the photograph of the architectural monur.ent 
in the village of Kolor.ensk, near MoscoKs Tnis picture was made cn a negative film 


vnLth a characteristic curve of reiving a large initial section. 


The exposure time 


was so selected that the density of the dark pa.rts of the negative corresponding to 
the least bright elements of the photographed object were smaller than the minimum 
useful density. *11113 led to the complete disappearance of detail In the shadows of 
the picture. For this reason, these features of the negative materials used siust 
also be taken Into account in detennining the exposure time, and the mi rrinmyp correct 
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and the final quality of the image. 

Since the light rays coming from the photographed object and passing through 
the lens of the camera act cn the sensitive layer of the negative material, it fol- 
lows that in addition to the influence of other numerous factors, which will be con- 
sidered below, the illumination of the individual elements of the optical image is 
determined primarily by the brightness of the regions of the object corresponding to 


The Kef lection r'actor 


he brightness: c: 


:'.e crea cr* :in^-tr.er 


Dhc t crraohed is ieten 


lect the lirht ravs fallir.r c r. it. .r.e re-lect- 





"^i stributicn for Various 


■ efl eotior. : 


tterei; III- Diffused; 17- Directional- 
t e r ed ; 7- Mixed . 


ing power of various objects fluctuates over a rather wide range and is usually 
characterized by the reflection factor of the surface, which determines the ratio 
of the light flux reflected by a body to the light flux falling on it. 

The peculiarities of the textures of the surfaces reflecting light determine 
not only the magnitude and character of the light flux reflected but also its direc- 


In this connection, three main forms of reflections are distinguished: 
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directional, scattered, and mixed. 

The directional, or mirror reflection characteristic of smooth fxilished sur- 
faces, is represented schematically in Pig. 22. 

In a scattered reflection ’-.he li^ht flux is scatt<'re:: iu varioiis i i rect i or. s. 
Two frequent cases of scattered reflection must oe noted: iliffuse and directional- 
diffuse. The laaterials possessing directional-diffuse reflection include, for 
example, dull metal surfaces. The surfaces having diffuse reflection include rough 
stuccoed surfaces, cement coating, and siaiiLar loatte cc-mpcsitions. 

rixed reflection, criarac terized br the combination cf directional a:‘d scatter- 
ed reflection, is likewise scr.enatically represented in !'ig.22. 

The figure distinctly." sr.ovs the relation of the brightness cf tr.ese surfaces, 
which reflect light dif ferentlyr, and the direction rf obser'/a* i. n. 

T:e brightness is one of the basic phctcmetric quantities and ci.ara: terizes 
the luminescence of light sources .and cf ill-minated snrftres. i;rig}.tness is 
directly.' perceived the eyae, 'ind if ih.e modiiLn. is : ran s rearer. * , its value depends 
on the distance from tre obsen/er’s '-pt. the cunit cf brirrtness is *he stilb, 
which, is equal to the brightness of a 'uni: orml;.' enri.**inr yclane surface vrich emits 
lighd.. in a direction perpendicular tc it, of the strength of one candle per scroare 
centimeter. In expos'ure measurements and calculations, the unit of brightness of a 
surface obeying liambert’s law is often taken as the anostilb, or on white”: 

one stilb = 31,100 apostilbs. 

Table 2 gives data on the brightness cf a fe\-.^ objects. 

The textures possessing prirryirily.' directional-scattered and mixed reflection, 
include the surfaces of very manyT' photographed objects* ’fr.en these textures are 
observed from different points of view, their briglitness (at one and the same 
illumination) vrlll vary over rather wide range. The brightness of these surfaces 
will be isaxlmum in the directions approaching the angles of mirror reflection. 
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The Coeffieiant of Brightness 

Since it is precisely the value of the brightness in the direction of the 
camera that determines the exponcfiietric brightnesses of photographed objects and the 
corresponding i ll ia ni n ations of the optical image, vre are primarily concerned, in 
calculating exposures, vrith the data on the value of the brightness of objects 
photographed, measured in the direction of the camera. In this connecticai the 
peculiar! ties of the reflection of light by one surface or another may be expedient- 
ly expressed by the value cf the brightness coefficients, determined by the ratio 
betvreen the brightness of fr.is texture in the given direction to tr.e brightness of 
an ab3olutel;n^ w’nite surface illuminated in the same way '. 

Tab le 2 


.pproxixvite 


Fer^ I'blects 


dragh 


hun, observed 


te surface oi 


clear sVr 


re sun ace 


Absolutely write 
nated by sun ( illuirlnation 100, COC^ lux) 


.'nov under direc 


sunligh 


hite pap>er illuminated by direc 


’..■fiite paper in sh-ade cn a sunny day 

Alii to paper on a cloudy day on an open 

space 

Light colored building faced with ceramic 
tile, in sunlight 

Dry asphalt in sunlight 


fG,O0C stilbs 


Libs 


GC, 000-00, 000 apxjstilbs 
(about 3 stilbs) 

10.000- 60,000 apostilbs 
'',CGC-10,OOC apr-stilbs 

1C,0C*C-13,CK)0 apostilbs 

2 5,000-30,00C> apxostilbs 

11.000- 17,000 apostilbs 


An absolutely white surface is a surface which diffusely reflects 100^ of the 
light falling on it, and whose reflection factor is accordingly taken as ujiity* 


39 


STAT 


Sanitized Copy Approved for Release 2010/09/03 : CIA-RDP81-01043R000900020001-5 





f 


) 




L 



(table continued) 


(. bjec*. 

■ Value of Hri 

ghtness 

Dry asphalt in shade 

2, SCO- 4,000 

ap>ostilbs 

..’a ter surfa-'e in sun (in the light) 

3,500- 5,000 

apostilbs 

Irass in sun 

Sooc-io,ooc 

apostilbs 

‘lace in sun , r.easurer.ent of ir.terral 
brightness' 

u,rcc~20,0(X 

apostilbs 

of integral brirhu.ness) 

",occ^ ^,C‘or 

apcst ilbs 

n:ction-ric ture s'udio under 1 lux 

•' 0- ■ 

- _* ,• V- 

■'rder of -'•Xh lux 

v,xc 

apostilbs 

‘.'alue . 'f !'ean rrigh* nes cf eavenlr Vault 

■ n d e r f ari cu s t r.o s pr . e r i ' or. di t i on s 

•■p to :co,ocr. 

apostilbs 

JVr,’ covered by light cloud 

2.^,c<y:-4C,ooC' 

apostilbs 

Xrr av'erage cloudiness 

113, OOC- 16,000 

apostilbs 

in overcast weather 

2,000- 5,0CC 

apostilbs 

Sky in very overcast weather 

1,000- 3,00C 

apostilbs 

Sky on usual cloudless day 

6,000^10,000 

apostilbs 

3ky on very clear day 

3,000- 5,000 

apostilbs 


The brightness of a surface when there is a appreciable di i ecticnal reflection 
is determined not only by the illumination of the surface, but, depending on its 
reflection of the light source itself, it also becomes a function of the brightness 
of that light source. The brightness factor of colored surfaces, which selectively 
reflect the light fluxes falling on them, will substantially vary with the spectral 
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composition of that light. 

The Spectral Brifj j htness Factor 

For this reascsi, in determining the conditions of exposure, the values of the 
spectral brightness coefficient of their surfaces must be thoroughljr taken into 
account. But in practice, in determining the tine and conditions of the exposure 
bv the aid of photoelectric instruments, all of the extrecel;.- complex interrelations 
between the colorit;.- of th.e objects photographed, the variations of the spectral 
composition of th.e ill.t-ir.atlng light, and the color sensitivit;,- of the negative 


rjaterials cajnnct be cc^ipletely '..aiier. into :i'' 


tevertr.eless, the exposure 


detemined in pra-tire by r.eans of ei»:pc 3 iire r.etern o.re still able to icnaaier ..r.e 
values of the r.eayured brightness cf the colored cbjeci being photegrapnee as a 
certain aggregate cf ti.eir brigi.tness c.oaracteri sties. 

The Brightness hange of Fhotograp.ned ^ 

As shevm in Table the refle-ting power of different cb:ec‘3 fluctuates over 
a rather wide r.ange. .'■irfacer, possescir.g ‘he rnonnrar. reflecting factor, sue.', as 
those coated with, m^gnesi-ur. o.-cide, reflect up to of ' -f th.e light fal—.g ;r. them, 
while black velvet reflec's onl;.' 1 to - . ."or t.tio re.asor. ...e r-jonr..... pcs3-b..e 
range of b. ughtness for a uni.'-orml;.- iU'meinated obje-t cannot in practice exceed 


cf the colored 


1 cbject being photographed as a 


Tor this reason the rrjC-nr.ir. possible 
.nated object cannot in practice exceed 


-C:!. The brightness range between sinilarV.- illumir.ated surfaces of freshlp fall- 
en srxm, which, reflect up to '’fT' of th.e light falling cn it, and black velvet, is 
equal only to about 50:1. B;.' shading the areas covered with black velvet, h.ov,-ever, 

and maintaining the illumination of the snow surface, we may increase t.-.e bright- 
ness range of this object to a veiy great extent. V.’ith increasing difference of 
illumination between the individual elements, tiie brightness range of photographed 
objects nay be increased to immense values, reaching 100,000:1 and even more. 
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Table 3 

Reflecting Power of Various Surfaces 


Fora of reflection 


Reflection 

coefficient 


?!agnesiirc ccdde 


Alabaster 


Polished silver 


yjitte silvering 


Glass inirror 


Directional 


Directional-scattered 


Chrcmiun-plated polished surface 
?!atte chr>ordur. plating 


Directional 


Directional 


Polished alurcinitr, 


’..■hite tinolat 


rresr.AV fallen snov.* 


T'nav-fing, clean snovr 
!latte white paper 


V.liite olaster surface 


Directional-scattered 


Directional 


Directional-scattered 


Directional 


Direct i onal-s c at tered 


Vfnite cenent coating on stucco surface approaches diffuse 


tucco suriace 


Skin of face 


White drv sand 
Wet white sand 
Yellow claj 
Asphalt sidewalk, dry 
As^ialt sidewalk, wet 
Dry blAck earth 
Wet black earth 


0 . 88 - 0.93 


0 . 72 - 0.85 

0 . 60 - 0.70 


0 . 65 - 0.75 
0 . 55 - 0.60 
C.66-C^.6f5 
0 . ^ 5 - 0.78 


D.60-C'.62 


So to 0.8 


0 . 4 - 0.45 

0 . 25 - 0.35 


0 . 24 - 0.32 


T 'i -re d 0. 10-0. 18 

Directional-scattered 0.06-0.06 


Directional diffuse 


0 . 07 - 0.08 

0.02-0.05 
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(table 

continued) 


Surface 

P'orm of reflection 

Reflection 

coefficien 

Boards (fresh vmod) 

The same 

0.35-0.42 

Old silvered boards 

T}.e same 

0.12-0.16 

Crowns of evergreen vegetation 

Diffuse and 
directional- scattered 

c.oe-c.i 2 

Deciduous vegetation in surrr.er 

Directional-scattered 

0.09-0.12 

Deciduous vegetation in autum 

'Tr.e s^me 

0.15-0.30 

■..■hite silk 

?'J_xed 

0.35-0.55 

Black cloth' 

D: rec tional-scat tered 

0.1-0.12 

Black velvet 

liffuse 

O.Ol-O.C^ 

Black fur 

Di f fuse 

Dtill less 


In photographing nost objects we r*eet net onlv the p-ire brightness constrasts, 
but also the phenonena of color contrast. In these cases the deteminaticn :f the 
brightness range is mde r.ore complicated by the necessitv of tailing account not 
onl 7 of the quantitative differences in brightness of these or those elejaents of 
the object and the background, but also of the differences in the spectral coeffi- 
cients of brightness of their colored surfaces. 

It is ver^.* difficult to establish the values of such a nixed contrast, deter- 
mined sinultaneo^isly by the influence of both brightness contrast and color con- 
trast. The value of the color contrast, in distinction to that of brightness con- 
trast, cannot be expressed by any one quantity, and therefore there is still no 
simple expression for the measure of color contrast. But since the spectral 

* The high absorptive properties of these materials are explained in part by their 
porosity, which causes the light falling on them, before leaving the interior of 
the material to be reflected several times* 
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sensitivity of photoelectric exposure meters r^hows a marked approximation to the 
spectral sensitivity of the eye and of modem negative materials, in the practice 
of exposure measurements, the brightness ranges of colored objects may be expressed 
with sufficient accuracy by their brightness ratios determined by the aid of the 
exposure meter. 

As an example ve give the mean values of the brightness range for a few of 
the most usual photographed objects, sunnarized in Table A. 

Variation of Conditions of Natural Illumination, and the Value of the Brightness 
r.ange of the Object 

In natural photographs the variation in the character of the illumination con- 
nected with altitude of the sun, zhe variation in the transparency in the atmosphere 
\nd of the cloudiness substantially influence the ratio between the directional and 
scattered parts of the sclar radiation. This variation in the character of the 
illuminating light cannot but Influence the character of the photographic image and 
manifest itself first of all in tne contrast of the illumination. The increase in 
the proportion of scattered light in the total illumination, which intensifies the 
illumination of tr.e snade areas of tne photographed object, markedly reduces ijTSge 
contrast. This reduction in the brightness range of the photographed ibjects ma y 
reach very high levels when there is cloudiness, V.lien the cloudiness increases and 
the quantity of scattered light rises, the illumination of the elements in the shad- 
ow may be doubled or tripled, and even increased by a large factor, while the bright- 
ness range of the object is correspondingly reduced. 

Table A 

Brightness Ranges of a Few Photographed Objects (According to 
the Data of the Department of Motion-Pic tiire Photography, 7GIK) 

Objects photographed Brightness Interval 


Earth* 8 surface seen from aircraTt, sunaer 


1:3 - 1:6 


STAT 


44 




Sanitized Copy Approved for Release 2010/09/03 : CIA-RDP81-01043R0009Q0020001-5 







Sanitized Copy Approved for Release 2010/09/03 : CIA-RDP81-Q1043R0Q0900Q20001-5 


V'’ 


(table continued) 


Objects photographed 


Sarth»a sxirface seen fro® aircraTt. winter 
I^dscape without foreground, in mist 

^dscape without foreground in scattered light on overcast 
day 

Landscape without foreground in direct sunlight 
Landscape without foreground taken against the light 
Landscape with foreground in direct sunlight 
Landscape with very dark foreground in sunlight 
Landscape with sun in frarse 

^ity scene without foreground on overcast dav 
Cit^/ scene without foreground in sunlight 

::arrow shadowed streets with separate buildings illuEiinated 
by the sun 

Dark buildings against sky background 

Dark spans and arches of bridges, and gates, with back- 
grounds brightly illujrdnated by the sun 

Groups on sunny day, dependir*g on color of clothing and 
direction of light 

Groups on overcast day 

Portrait with light hair against background of open 
landscape with sunlight 

Portrait with dark hair against background of open 
landscape in sunlight 

General layouts in motion picture studio, according to 
character of subject and illinaination 

Inside view of room (without windows, in frajae) 

Inner view of light room, taken facing windows, without 
€irtificial illumination 

Inner view of dark room taken facing brightly illuaiaated 
windows, without azrtificial illumination 


Brightness Interval 


1:6 - 1:10 


1:2 - 1:3 


1:5 - 1:10 
1:10 - 1:30 
1:20 - 1:40 
1 : 2 C - 1:60 
1:100 - 1:300 
1 : 2 , 000,000 
1:5 - 1:10 
1:10 - 1:40 


1:100 - 1:500 
1:100 - 1:200 


1 : 100 C - 1 : 10 , 000 ' 


1:20 - 1:300 
1:10 - 1:60 


1:10 - 1:L2 


1:20 - 1:100 


1:10 - 1:50 
1:8 - 1:22 


1:100 - 1:500 


Up to 1:100,000 
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A result of this is the Yery surprising variatiai of the ejqx)sure measureiaent char- 
acteristics and of the character of the inages of the objects taken in overcast 
weather or with a certain, even the very slight whitish haae. 


Influence of Mist and Haae 

A very appreciable influence on the brightness range of photographed objects is 
exerted by the optical properties of the mediinn filling the space between the photo- 
graphed object and tlie camera. The brightness of the atmospheric haze or of the 
translucent nist is, as it were superimposed on the brightness of all elements of 
the objects photographed. ..’ithout exerting a p^erceptible influence in increasing 
the brightness of the light areas, it substantially' increases the brightness of the 


dark or slightly 


linated elements of the object, Tt.e thicVcening of the nist 


and the increases of its brightness, as well as the increase of the distance be- 
tween the photographed object and the camera, strongly reduces the brightness range 
of the object, hlen the density of the haze or mist is further increased, its 
brightness, after reaching a definite value, levels out with the brightness of the 
lightest elements of the object. The brightness range of the object of photography 
in this case will be 1:1, its contrast will fall to zero, and differences of bright- 
ness will become imp>erceptible. The value of the brightness interval of the objects 
photographed, as we have already noted in the last Chapter, is of very great practi- 
cal importance, which increases particularly when working on color negative materi- 
als and in taking high-contrast subjects. For this reason the method of determin- 
ing the brightness range of the photographed object by means of photoelectric 
instruments has therefore become widespread. V/e sha ll later consider in detail 
the technique of determining the brightness range by the aid of photoelectric expo- 
sure meters. 
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THS IIUJMINATION OF TWE SENSmVE LAYER AND ITS INFUJENCE 
ON TJIE TINE A,ND CONDITTONS OF EXPOSURE 

The principal factors determining the ilTjuml nation of the sensitive layer and 
consequently, also the value of the exposure required, are the brightness of the 
objects photographed and the pofwer of the optical system of the camera. At a given 
brightness of the photographed objects, the illumination of the optical image is 
directly proportional to the square of the relative aperture of the lens. The 
exposure time necessary to obtain one and the sane photochemical action of the 
light on the sensitive film be inversely proportional to the square of the 

relative aperture. 

Relation Between the Illumination of the Sensitive Layer and the Brightness 
of the Photographed Object 

If the brightness of an individual element of the photographed ob j ec t is known , 
then the illumination produced, on the sensitive material, by the area of the opti- 
cal image corresponding to it, is determined by the equation 




where = the illumination of the area of the optical image in lux; 3^^ the 

brightness of the photographed objects, in apostilbs; d the diameter of the effec- 
tive aperture, and f the focal length of the lens. 

Without aHovdjig for the loss of light in the optical system of the camera and 
the influence of other factors which substantially lower the illundnation of the 
optical Image, this equation can serve only to obtain approximate data on the illu- 
mination of the sensitive layer and the value of the necessary exposure. To obtain 
complete accurate data on the Illumination produced at one area or another of the 
sensitive layer by the optical images of the photographed objects, hOKSver, it is 
necessary to take account of all the main factors which affect that value in one 
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way or ancthar* It must ba notad that in tha practical work or a motion pictura 
operator or photograplier, and in tha axposura maasuraments made by thaa, these for- 
mulas are usually not used, &ince they are vary complex. To elucidate the influence 
of the principal factors datarsining tha illumination of the sensitive layer, it 
will be exp)edient to discuss this subject in detail. 

Light Losses in the Lens and the Effective Lens Speed 

Tlio losses of light when the light rays pass through the lenses are made up of 
the losses on reflection of light from ti:e surfaces of the lens elements and the 
absorption of light in the interior of the glass. In this connection, in distinc- 
tion to the calculated lens speed, which is detemined merel^r by the geometrical 
dimensions of the effective aj>erture and focal length, and does not allow for the 
loss of light in the lens, the so-called actual or effective lens pcv'er should be 
taken into account. Tl'.e data on the effective lens pov'er characterize the operation 
of an optic<al system incomparably loore completely, and make it possible to na>:e 
comparative estimates of the effective spaed c! lenses of diiferent t^.'pes. 

The light losses by absorption by the glass of the lens usually do not exceed 
ll per cm of glass thickness and do not substantial!:.' reduce the illumination of 
the optical image. Tlie influence of this factor for lenses of short focal length 
may therefore be neglected. 

The losses of light resulting from its reflection from the lens surfaces has 
a considerably greater influence on the value of the effective speed of a lens. 

The value of these losses increases with the refractive index of the glass and 
varies from 4 to 6.8^?. 

V.dth an accuracy sufficient for practical purposes it may be considered that, 
when light is reflected from each air-glass surface of a lens, about of the 
Ught falling on it is reflected. These light losses increase sharply with the 
nianber of lens elesnents and the number of uncenented surfaces, which constitute 
surfaces of separation between air and glass. 
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The Coefficlqnt ox Tranamission of the Lens 

Table 5 gives cociparative data on the light losses reflection for a siaple 
lens, and for optical with varying numbers of light-refracting surfaces. 

In zaodem compound lenses, with 6 to 8 air-glass s^trfaces of separation, the total 
losses from reflection and absorption of li^t are very great, reaching 30-40^ and 
more. The coefficient of transmission of such lenses, defined as the ratio of the 
light flux passing through the lens to the light flux falling on it, sometir»s does 
not exceed 0. "50-0,60. 

Tr.e effective speed of cor.p>ound lenses is very much less than their calculated 
speed, is very greatly reduced. In this ccrnection, the speed of lenses of differ- 
ent designs cannot be evaluated and compared in exposure measurement calculations 


v,lthcut allowing for the coefficien' 


transmission, and rnly from the value of 


the relative aperture and the geometrical lens speed, since this unavoidably leads 
to errors. 

Ihe losses of light in the lens mav be approximately determined by the fonmila 

K - C.^'” • 

where n is the munber of 'uncemented lens surfaces (the light losses on reflection 
is taken as eq^oal on the average to 5-), 1 “ length of the path of the ray t’nrough 
the glass of the lens (in cm). 

Table 5 

Light Losses Due to reflection in Optical Systems 


ihanber of Humber of glass-air surfaces of Brightness of emerging beam 

lenses separation (Lidetx of reflection (brightness of pencil of rays 

of glass “ 1.55) falling on lens taken as 1.00) 

1 2 C.90 

2 4 0.82 

3 6 0.75 

4 8 0.68 
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In recent years, the method of coating lenses, which substantially increases 
their effecti'fe speed, has been widely used to reduce light losses and increase the 
coefficient of transmission of the camera optical system. 

Thus, for example, according to the data of 7.7.Pus*kov, the transmission 
coefficient of the ^Yupiter 3** lens with a focal length of 5*0 cm and a relative 
aperture of 1:1.5, was 72^ before coating, while after coating it increased to 9X^. 

For the "Yupiter 12” lens, with a focal length of 3*5 cm and a relative aper- 
ture of 1;2,8, these values are respectively 66 and 

'^OT the ”Industar 22” lens vidth a local length of 5,0 cm and a relative aper- 
ture of 1:3,^, installed in the ”"orkiy*’ miniature camera, these values are 69 and 

The illimiiriation of th.e photosensitive layer produced on various areas of the 
frame by the optical images of objects of the same brightness is mAYc ir- at the 
center of the field and gradually,* declines tovrarls t:,e edge of the image. 

Fall of Illumination Towards the .'-xige of th.e Lma;^e 

This fall, of illumination is due to the influence of certain basic causes, 
oone of them are comon to lenses of the most varied types and are not related to 
their design features. 

The fall of illumination towards the edge of the field, due to the influence 
of factors of this group, obeys certain general regularities and can be established 
by calculation, 

Tince the distance from the lens to any point on the edge of the image is 

greater than the distance to the center of the field by a factor of ^ ^ , (where 

cos 0 

^ is the angle formed by the optical axis of the lens and the principal ray passing 
thrcRigh this point), the illumination produced on the sensitive layer by the optical 
images of the photographed objects for any point of the image field will vary 
projwrtionally to cos 0. It must be taken into account here that the li^t rays 

passing through the lens fall at a certain angle on the marginal regions of the 
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image field. Jn connection vdth this the illunination of the sensitive layer on 
the marginal areas^ as a result of well known regularities, will vary likewise 
proportionally to the cosine of the angle of incidence of the rays on the i3J.umi- 
nated surface, i.e. it will be proportional to cos^. 

Since the brightness of the light flux passing through the lens for points 
located at one side of the optical axis, i.e. for inclined beans, will be less than 
the brightness of the direct ray, likewise by a factor of cos 0 , the illumination 
of areas of the optical image remote from the center of the field, by virtue of the 
influence of the above factors, v%'lll be less, by a factor of .. _ ... ■p , than the 

cosV* 

illunination of the center of the field. 

The reduction in the illunination of the boundary regions is very snail when 
the image angles are snail and huis no substantial effect on the quality of the 
photographic inage. ..'hen short-focus lenses Vidth large image angles are used, the 
decrease in illumination becomes appreciably more. 'The ^quantity of illunination 
received by the sensitive layer at the edges of the inage will be snaller thian at 
the center of the field. The result of this will be a reduction in negative density 
on the marginal areas, which is particular!:.' narked in cases cf 'underexposure. 

This fact should be taken into account in the frame and setting the illunination cf 
the photographed objects in cases when their images a:'e located at the edges of the 
field. 


Tne reduction in the illunination of the marginal areas of the optical image 


is particularly narked -when motion picture lenses of short focal length are used. 
The illumination of the boundary areas for lenses of focal length from 5.0 to 10.0 
cm, owing to the above enumerated factors, will amount to about 0.85-0.96 of the 
illumination of the center of the field, taken as imity. h'hen short— focus lenses 
are used, the illmnination at the edges of the frame amount to about 0.72 of the 
illumination of the center of the image field for a lens of 3.5 cm focal length, 
and for a lens with a focal length of 2.5 cm, to only 0.54 of that illxonination 


STAT 
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(Tabla 6). 


“ablo 6 

Fall of Illumination of JCarginal Areas of the Optical Image 
in Mniature Cameras 


Focal length 
of lens in nan 


Image angle along 
diagonal of photograph, 
(in degrees) 


in umi nation of the boundary 
areas of the image (the 
i ll uni n ation at the center of 
the field is taken as l.OO) 


26 


35 

63.5 

50 

47 

G5 

28. 

13- 

IP 


In using niniature cameras, oxir^g to the same factors, the illumination of the 
boundar7 areas of the optical image vhen interchangable lenses of various focal 
length are used, varies to an even greater extent. 

In addition to the factors considered above, the influence of the vignet::ing 
effect, which is verv closely related to the design features of the lens itself, 
has a very great effect on the fall of illumination in the marginal areas. Tlie 
• ^gnetting of the image is the res'iut of the limiting of the light beam passing 
tr-rougn the lens by the lens mounting. Vignetting is particularly great in open- 
full stop, or vd-th a shutter only slightly stoppted down. 

Ln connection with this, the actual fall of illumination towards the edge of 
the image is notably increased. hTien the lens is stepped down, the vignetting is 
decreased, and when the size of the effective aperture is considerably reduced, it 
beccioes almost unnoticable. In these cases the differences in the illiiisination of 
the boundary areas of the optical izaage and the center of the field are due taalnly 
to the influence of the above enumerated factors alone. 

Fig. 23 gives graphs of the distribution of the illxnninatlon of the optical 
image for a few Soviet not ion- picture lenses (from the data of the lens testing 
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laboratory of the Moarilia motion picture studio). It will be seen from these curves 
that the illumination of the marginal portions of the frame for most of the short 
focus lenses tested at a relative aperture of 1:2 does not exceed 25-40^ of the 
illinai nation of the centrzil areas of the image field. 

Variation of Illumination of Sensitive Layer with Increasing Scale of the Image 

The illumination of the sensitive layer is related in the closest way with the 
scale of the image of the photographed object. V.'hen the distance between the object 
and the camera is varied, the value of the relative aperture of the lens likewise 
varies, and consequently also the illumination of the optical image. These varia- 
tions of the lens speed, wiiich determine the variations in the illumination of the 
sensitive layer, must be taken fully into account in determirJng the exposure time 
and conditions. 

In those cases where the distance from the camera to the object photographed 
is 15— 2C focal-lengt-hs of the lens used, these variations of the lens speed are 
very 1 and cAjr be omitted from consideration in the practice of detenrdning the 
exposure. -ith a considerable increase in th.e size of the image, determirdjig the 
ratio of the linear dimensions of the iiaage in the negative to the ccrrespcnding 
linear dimensions of the objects photographed, the influence of this factor rapidly 


Thus in talcing a portrait, occupying in height the entire area of the frame 
(size of the object 4B-50 cm in heigia, dimensions of the standard notion picture 
frame 16 x 22 mn), the scale of the image will be about 1/30. 

In the case, however, of a picture with a very large detail, for example, the 
eye, likewise occupying the entire height of the frame (size of the object 30-32 mn 
in height) the scale of the image will be about i. 

If the exposure time in taking an infinitely distant object is taken as unity, 
then in the first of these cases, the exposure time under the same illuminAtlcm 
conditions, is found to be the extremely amitll vaJjue of 1*07, while in the second 
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eatiiaate of the illumination of isolated areas of the optical image, and in partic- 
ular, for the reproduction of the contrasts of the objects photographed, it is 
necessary to take account likewise of the scattering of light in the system lens- 
camera and its influence on the quality of the photographic image. 

’He illumination of each individual area of the sensitive layer in the camera 
is made up of the illumination produced on the layer by the optical images of the 
photographed ob/ects, and a certain additional illumination produced by the light 
rays scatterei in the lens .and the camera. 


caitermg o: 


na ^ngo . or : t. r a s i 


...e sources 


ti.c scr.ttered light in t’ne camera are the reflection and scatter- 


tem, .ar.d their 


Ltirle reflection 


::.e cmera and in t:.e mo’ont 


the lens, '.hen an *ancoated optical svsten is 


used in the lens and camera, about ^ tc 


'riant ity cf light is scat- 


tered. ..‘ithcut telling part in the formation of the optical image, trls scattered 


light ferns, on ti.e sensitive layer, 


Lcr IS s^i-oeri 


-itl^out markedly affecting 


the increase in .the illumination cf the light areas, this additional light strongly 
increases the iHurlnation of the 3hadov.y, low- illumination areas of the sensitive 
layer, and therebrr substantially reduces the contrast and the color characteristics 
of the image. In connection vd-th this, the influence of the scattering of light 
becooss particularly narked when dark and weal:ly iilurdnated surfaces are present 
in the frame, together with a considerable brightness interval of the photographed 
object. The inclusion, in the frame, alongside of areas of low brightness, of 
objects of very great brightness, for axample of op>en light sources, bright flashes, 
etc, exerts a particularly great influence on the quantity of scattered light, and, 
consequently, on the reduction of the image contrast. 

As the design of lenses become more complex, i.e. with increasing number of 
air-glass surfaces of separation, the quantity of light diffused in the lens 
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increases rapidly. On the average, in fonr-elesnent anasti/^nats, with eight air- 
glass surfaces, the additional illumination of tl;e sensitive 3-ayer due to scattered 
light not participating directly in the formation of the optical image reaches of 
the mean illaaination of the layer, vrnen three-element lenses, having o air-glass 
surfaces, are used, about i-5'f of the total quantity of light foming the optical 
imago is scattered. 

In connection ^Nd-th this, the nininnun illumination of the corresponding areas of 
t:;e sensitive layer due to the optical images cf th.e pliOtographed objects v.'hose 
brightness is very low, cannot fall belcn/ '-10' of ti.e neon ili.urJji.at ion of the 
optical image when uncoated lenses are used. 

The coatLng of the optical system cf the riucera cuts almost in :ralf the 'Tuon- 

tity of scattered light and substantial!;.' increases the contrast-fonaing power of 

tr.e lens. ftudles made at the laboratoin* of photographic tec'nnicue of the 

h.ave shov.-n that out cf the total quantity of ligh.t scattered in the optical system 

and the camera v'h.en uncoated lenses .ar^e used, *:■ ' to ' is the s:\are of the lens 

itself, while wdth a coated optical system, ^’nlc' 25-'’:' " is such sr.are, Trras, even 
when coated lenses are used, the rays cf light that are scattered owing to multiple 
reflections from the elements and mo-jntings of the lens, the sensitive layer and 
the camera details, are added on all parts of the optical image, and have a marked 
effect on its contrast. 

The Coefficient of Contrast Loss 

The reduction in the image contrasts may be characterized by the value of the 
coefficient of contrast loss, which represents the ratio of the interval of illnni- 
nation of the optical image to the interval of brightness of the object. The value 
of the coefficient of contrast loss in the system lens-camera will substantially 
vary with varying character and contrast of the photographed objects. Studies have 
shown that for different lenses and caLieras, the value of the coefficient of con- 
trast loss in the optical image varies over a ^relatively wide range and reaches 
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values from 1.15 to 9.'}. 

In photographs of high-contrast objects, the interval of illuminaticsi of the 
iiaage, even vrhen a coated optical systeia is used, may fall by comparison with the 
interval of brightness of an object by a factor of two or three or even isore. Tiais 
the reduction contrast of the photographic iiaage, defined by the properties of 
the negative material and the conditions of developir.ent, are supplemented and inten- 
sified by the influence of ligh.t scattering. 

This I'ac*- , in phrtographing subjects with a wide inter-.'al of brightness, 
mariredly increases ‘hie allcnvable errors in deterurlnat ion cf the exposure tine and 
becones of substantial inportan’e iron the point " f view cf exp» 03 ure measurenent . 

I^t us consider a sc.-ecific ejcamrle. 7:.o inter'/al . f h r^r.. .* ness of ih^e r: ci - nraphed 


tne 


oo-ei's shovTi in Mg.f- is ver^c great, and is equal to approximately /,OC:l, 
scattering of light in the lens ani camera ere ccnpletely ahsent, the ill-minaticn 
~f the ccrrespc-nding creas of ' he layer 'culi be ieterrained on the bcasic :,f th.e 
kncwT. relations betv.'een t^.e brightness cf th.e ri ctcrrarrei ■:r'ect 3 .and the ill'umi— 
naticn of the sensitive layer produced by t'.eir ■ ptical Lmares. In ccmeciion with 
the fact that the nerative of tr.is photcrraph is ievelcped to a • less than -unity, 
the brightness interval cf the object t-aken by 'is is reproduced in the negative with 
a certain compression : f contrast (Fig.2'^). "Th.e interval cf densities of the black- 
ening cf the negative, c crrespK^nding to the rdnimm and nsaxirnm brightnesses of the 
object, without allc'^'ing for * he scattering of light, wc-:ld in this case determine 


the difference 


and T) , 


0,3f and w'ould be e'ru<al 


? 0 : 1 . 


max min 

But in reality, owing to the scattering of light in the lens and cajroera onto 
all regions of the layer, there will be a certain additional general illunination 
^acat imposed. V.'ithout increasing perceptibly the illumination of the light 

areas, this scattered additional light will somewhat increase the illumination 
produced on the layer by the shade areas of the optical image. As a result, the 
quantity of illumination received by the layer on those areas increases to 
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^'min ^ **scat * densities of blackening to the negatives corresponding to 

a minimum bright element of the object photographed, will increase from » 0*36 

to the density “ 0.52. Allowing for the quanity of illumination , 

TB-Ul J J 

received at the given exposure time t by the individual areas of the sensitive 
layer, we construct the characteristic curve II (rig.26). As will be seen from the 
figure, the fcrm of this curve varies particularly strongly in its lower portion, 
i.e. on the section of underexposure, where the Increase of illumination of the 
layer whd.ch is the consequence cf che scattering cf the light is particularly mark- 
ed. Jince the density C.-f is greater tr..ar. the density ^ 0.36, the 

contrasts of the objects in the negative will be additionally lowered, and the 
interval of density cf blackening c the negative will be eoual onl;;' tc 15:1. The 
contrast in the negative in this case will be reduced by a factor cf 

In photograpr.s characterized by a mere uniferm distribution cf brightness and 
by lesser contrasts, using the sune neg<ative materials, lens •and camera, the influ- 
ence of light scattering on the reduction of image constrast is feund tc be consid- 
erably smaller '’Fig.2'^). 

?'ig.2o gives data on the brightness cf tl.e individual elements of a photograph- 
ed object measured in the directions of the Cvamera. The brightness cf the darkest 
intervals between the col'umns is equal tc ‘K>C apestilbs, and that cf the lightest 
(the light globes of white milky glass) 14,20c/ ap>cstilb3. The brightness range of 
this object is about 40:1 (Tig. 2"*). As in the preceding example, the negative was 
developed to v - 0.67. As a result of the compression of contrast of the negative 
Image and the influence of the light scattering, both connected with this, the 
interval of densities of blackening in the negative, as shown in Fig. 29, are found 
to be equal to 1:15, and vrill be lower by a factor of about 2.6 than the interval 
of brightness of the photographed object. 

Allowing for this circimstance in practical work, it is necessary to bear in 
mind the fact that this lowering of contrast in the negative image will be 
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compensated to some extent during the printing of the positives, by the higher con- 
trast of the positive materials* 

By studying the influence of these basic factors we will be able completely to 
express the relation between the brightness of the photographed object and the illu- 
minations corresponding to these areas of the sensitive layer. 

Allowing for the influence of these factors, the illumination produced on the 
sensitive layer by the optical images of these or those elements of the photographed 
object, whose brightness is expressed in ar>ostilb3, may be determined from the 
equation : 








'vign 


where is the illuminatior. of t'.e optical image of tr.e element of the photograph- 
ed object in lux; = brightness of element of phc tcgraphed object measured in the 

direction of the camera in apostilhs; f - focal length of the lens; n = f/d = the 
5 top number, i.e. the reciprocal of the relative aperture of the lens; v = the 
distance from the rear nodal point of the lens tc the plane of the image in the 
camera; = angle between optical axis of the lens and the direction to the given 


point of the image; c « coefficient of transmission of the lens; = coefficient 


of transmission of the lens for points lying outside the axis, due to the influence 


of the vignetting of the image; K 


scattering of light in the system lens-cam- 


era which, for a specific object, also defines the conditions of exposure. 

By combining the influence of the various parts of the above enumerated fac- 
tors, the equation may be represented in the following simple form: 


• Bo 


2 „2 


4v^ n 


where K » the coefficient of li^t loss in the optical system. 
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INFIUi^CE OF PHOTOSFUSITTVTTY AND COLOR SQ^SITIVITT OF NEGATTVF- 
MATERIALS ON THE TIME AND CONDITIONS OF EXPOSURE 

The ^lOtossnsitivlt^ of negative materials is one of the most important prac- 
tical characteristics. In using j^otographic plates or films having different 
sensitivity, the time of exposure under one and the same conditions of photograirfiy 
must be inversely propK>rtional to their sensitivity. Thus, the use of negative 
materials of higher sensitivity makes it possible successfully to take pictures 
under less favorable illumination conditions, and vfith a shorter exposure time than 
when less sensitive plates .md films are used. 

The GC3T Cystem 

The sensitometric system OCIT, developed by Soviet scientists, expresses the 
photosensitivity of photographic materials by a quantity trat is the reciprocal of 
the value of the exposure expressed in lux-seconds which produces on the photograph- 
ic layer a blackening with an optical density of 0.2 over the density of the fog. 

The photosensitivity of photographic materials is thus determined by the fcnruia 

3 = ^ , where S is the ohotosensitivity expressed in 1C ST units, and H = 

0.2 

values of the exposure ccrrespondlng to the density ♦ 0.2= 

The development of the test plates or films must be ccndacted in a definite 
developer to the contrast coefficient reconmended by G<vST for the given negative 
material. 

The fundamental advantage of the system of the GOST sensitometric system is 
the approximation of the test conditions and the expression of the properties of 
photograp^c materials, to the conditions of their practical utilization in photo- 
graj)hy. The relative practical sensitivity of various negative materials when ex- 
pressed by this system of sensitometric measurements is found to be directly pro- 
portional to the number of GOST units. 

The jrfiotosensitivity of pjhotographic materials in GOST units is established in 
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the following manner. On the characteristic curve constructed on the standard 
sensitometric blank, the point corresponding for the given test material to the 
density 0.2 above the fog density (point A on Fig. 30) is marked. The perpendicular 
dropped from this point to the graph of the scale of photosensitivity values in the 
lower part of the graph shows at the point of intersection with this scale of the 
photos , at its point of intersection with this scale, the photosensitivity 

of the test material expressed in GCJ? units. For example, the sensitivity of 
negative motion picture film the characteristic curve of which is given in our draw- 
ing, for its development to the recoanended value v = 0.65 is found to be equal to 
about 50 COST units. 

In connection with the fact th.at the sensitivity of certain photomaterials 
and tneir designation on the calculators of certain photoelectric exposure meters 
13 expressed not in XJT units, bu* in degrees of other sensitometric systems, it 
is sometimes necessary, in exposure measurement calculations, to recalculate, and 
compare among themselves, the values of the photosensitivity determined by differ- 
ent methods. 

In connection with the fundamental differences in the criteria of sensitivity 
on which this or that sensitometric system is based, there can be no constant and 
precise coefficient of conversion of the degrees of one sensitometric system into 
the degrees of another. This is explained by the approximate character and the 


inexactness of the comparative da 


the sensitivity of these or those negative 


materials, expnressed in units or degrees of the various sensitometric systems. 

Comparative tables may have a certain practical significance only in those 
cases where they have been compiled on the basis of numerous studies taking full 
account of the peculiarities of use and of laboratory processing of the plates and 
films. But even in these cases we nwat still take into account the possibility of 
very substantial differences between the value of the actual sensitivity of one 
negative material or another determined under the specific practical conditions of 
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phot-ography and processing, and the value of this sensitivity determined from coni— 
parative tables. 

On page 66 the comparative Table 7 is given, showing the values of the photo- 
sensitivity of negative materials expressed in units of various sensitometric sys- 
tems. The last column of this table contains the data on the relative photosensi- 
tivity of various materials. 

The questions of the photosensitivity of neg«itive materials cannot be consider- 



Fig.30. Determination of the Photosensitivity by the GCST 
Sensitometric System 
a) lux-sec; b) 3 (CkOST units) 

ed without a comprehensive consideration of their sp>ectral sensitivity. This is 
connected with the fact that the sensitivity of the emulsion in films under various 
conditions of photography is found to be inconstant and varies markedly under vari- 
ation of the spectral composition of the H^t illuminating the photographed objects. 
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The differencea between the photosensitivity of different negative materials there- 
fore determine not only the character of the color reproduction, but also take on 
the most substantial significance from the point of view of exposure measureoent as 
well. 

Table 7 

Comparative Table of Relative Values of the Photosensitivity 
of Negative Materials in Different Sensitimetric Systems 


GC'o . 

}!urter 

and Driffield 
and D) 

dd: 

Weston 

General 

Electric 

Relative 

Photosensitivity 

6 

1-0 

10 Ac 

•5 

8 

Cel6 

3 

20C 

11 Ac 

6 

10 

0.2 

11 

2 50 

12 Ac 

0 

12 

0.25 

16 

350 

13 Ac 

10 


0.33 

2C 

400; 

14 Ac 

12 

20 

C.4 

22 

-■oc- 

1 ' Ac 

16 

2*, 

0.5 

25 

60C 

16 Ac 

20 

^2 

C • 6ii. 

32 

'KC 

17AC 

24 


c.s 

U5 


IS Ac 

32 


l.C 

50 

1,2 50 

19 Ac 

40 

64 

1.3 

65 

1,400 

20 Ac 

50 

so 

1.6 

90 

2,000 

21A0 

64 

I'X 

2.0 

100 

2,500 

22 Ac 

so 

125 

2.5 

130 

3,000 

23 Ac 

100 

150 

3.2 

180 

4,000 

24A0 

125 

200 

4.0 

200 

5,000 

25A0 

160 

250 

5.0 

250 

6,000 

26A0 

200 

300 

6.0 

300 

8,000 

27/10 

250 

400 

8.0 

400 

10,000 

28 AO 

320 

500 

12.0 
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In connection with this, in determining the time and conditions of exposure we 
must invariably take into consideration the variations in photosensitivity of the 
negative materials due to the variations of the spectral composition of the illumi- 
nation* The value of the exposure corrections necessary under these or those con- 
ditions of illumination, and compensating these variations of sensitivity, may be 
easily established by trial photographs. 

In detenaining the time and conditions of exposure by means of photoelectric 
exposure meters, in connection with the variation o: the sp)ectrai composition of 
natural illumination and of the spectral characteristics of artificial Light sources, 
the necessary corrections, determined experimentally, must likewise be applied to 
the instrument readings. In photographs taken, for example, on panchromatic nega- 
tive materials under the light of Incandescent lamps, the value of this correction 
may reach 30 ^u 0 '\ In practice we can allow for these variations by lowering the 
index of sensitivity of negative materials set on the calculator of the exposure 
meter, to 60-70t of the photosensitivity determined for the case of a photograph 
under natural illumination or ilLuicination by nigh— intensity arc lamps. 


The Photosensitivity of Multi-Layer Color iJegative Materials 

In corinection with the small photographic density of multi-layer negative 
films, color photography demands far higher accuracy in the determination of the 
exposure and exposure conditions photography with ordinary black-whiiuc negative 
materials. One of the basic conditions of the accuracy of exposure-measurement 
calculations performed by the aid of tables, or cf photoelectric exponometers, is 
the calculation, to the utmost possible degree of accuracy, of the photosensitivity 
of the negative materials employed. 

But the technique of sonsitoiaetric estimates and of the exact expression of 
the sensitivity of inulti-layered films at the present time is still inadequately 
developed. For this reason, the conditions of exposure assuring the possibility of 
a correct and undistorted reproduction of the color of the object photographed may 
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be taken as a certain critericm of the sensitivity for the giv^i negative color 
film. In ccattparing the sensitivity of the color film to the sensitivity of those 
white-and-black negative materials that, under the same conditions of illujnination 
and exposure, give high-grade results, that sensitivity may, with accuracy suffi- 
cient for practical purposes, be expressed arbitrarily in the usual units of sensi- 
tivity. 

In most cases, the sensitivity of colored negative films of type DS, intended 
for photographs under natur?.l ill-onination, cr under the light cf high- intensity 
arc lamps varies for Df—l filn, from 40Ci to h and D, and for D.':A-2 film, from 

8QC to HOC'' :: and D, wr.ich amo’ints roughly tc from 32 to 60 ICOT units. 

The photosensitivity of 'negative color films based on the utilization of 
artificial light, •, incandescent bulbs), reacr.es, for films of the new 121-2 type, a 
value from 'XX) tc 1250^^ H ani T, roughly from "C to 'C K. . ■? units. 


Development of Negative Materials -and its IrJ'luence on the ibrooyure Conditions 

'.ne cf the most important stages in the formation cf the photographic image is 
the development of the latent image wbd.ch arises as a result cf exposure. A vari- 
ation in the state cf the ievelcrer or the oonditi cns cf development has a very 
distinct influence on the basic exponometric characteristics of ihe negative mate- 
rials used, on their phc tcsensit ivi ty , their 'rontrict, and their photographic 'width. 
In t'nis connection, in practical photographic work, on calculating the tines 
and conditions of exposure, it is necessary tc take account cf the peculiarities 
of the development and of its influence on the photosensitivity of the negative 
material used. 

The studies made at the All Union research Institute for motion picture photo- 
graphy by ’/.I.oheberstov, have confirmed the view that fine grain developers with 
borax, in comparison vrith the ordinary rapid acting me tol- hydroquin one developers 
with sodium carb<aiate, soiaewhat increase the photosensitivity of negative materials* 
The fine grain developers with paraphenylenediamine, and a few others, strongly 
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lover the photosensitivity of the material and therefore require a marked increase 
of the exposure time. 

The wcrtc of S.M. Antonov, K.I.Markhilevich and others have also shovn that de- 
velopers of this type and certain other fine— grain developers somevhat increase the 
photographic width of the negative material as well. Table B gives data on the 
Influence of certain of the most widely used fine-grain developers on the photo- 
sensitivity of negative materials as compared with the usual metol-hydroquinone 
developers. 

In determining the time and condition of exposure by the aid of exposure 
meters, these influences may be estimated from the results of test exposures by 
setting up on the calculats'^r the corresponding variable values of the sensitivity 
of the plates and films. 

fable 8 

•"•ffsct oi . ertain Tine Irair. levelopers on the P”r.otosensitivity 
of hegative Katericals by fomparison with the Usual 
? t G 1-: ;ydro'p: inone Developers 


?:rpe of develoT>er 


Typical lomruia for developer Uffect on photosensitivity 

of negative material 


F ine-grain metol 

Metol 


g 

Marked increase of 

developer :riKFI 

Sodium 

sulfite, anhydrous 75 

£ 

photosensitivity, i 

formula 

Borax, 

crystallized 12 

£ 

much as 1.5 to 2 t: 


Boric ! 

vcid U 

g 



Water 

to 1000 

ml 



Mean time of development 12-20 min at 20 C 

Type D-76 develop>er Metol 2 g liarked increase of 

Hydroquinone 5 g photosensitivity 

Sodium sulfite, anhydrous 100 g 

Borax, crystallized 2 g 

Water to 1000 ml 


Mean time of development 15-20 min at 20®C 
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(table continued) 


tr.ereiore recuire an 


exposure 
as long 


to 2 times 


Mean exposure time 15-2C 


"Atornal" developer Beta-otvetr.vlorthoariinoDhenol 


J'Canewhat lowers photosens i 
6 g tivity, and, according to 


3o<ii)un sulfite, anhydrate IOC’ g t;,^ of negative material, 
lodium carbonate, anhydrate 1C g requires L. 5 to 2 times 

Potassium bromide 0*5 g longer exposure 

lodium hexametaphosphate 1 g 

V.’ater to ICXX) ml 


Development time 8 to 16 min at IB C (accord- 
ing to type of negative material) 


Developer with Ketol 

sodium thiosulfate Sodium sulfite, anhydrate 
liydroquinono 
Scxiium bicarbonate 
Sodium thiosulfate, 
crystallized 


2. 5 g Strongly reduces photosen- 
25 g sitivity and requires 2 to 
1*25 g 3 times as long exposures 


to 1000 ml 


Mean development time 20-25 min at 18-20 C 


Type of developer 

Typical formula for developer 

Effect on photosensitivity 




of negative material 

” Final” developer 

Metol 

3.5 g 

Some increase in 


;Jydroquinone 

3.5 g 

photosensitivity 


Sodium sulfite, anhydrous 

50 



Sodium citrate 

10 g 



Borax, crystallized 

^ g 



Potassium bromide 

0.4 g 



Sodium hexametaphosphate 

0.12g 



Water to 

lOOO ml 



Mean develcprient time lC-1 

5 min at 

IS^C 

Paraphenylenediaaine 

Sodium sulfite, anydrate 

9C g 

Parapheny 1 en edi amine 

fine-grain develoi>er 

Gl^'-cine 

s g 

developers lower the 


r a oh en v 1 en ed i amin e 

1C g 

photosensitivity of 


V/ater to 

1000 ml 

negative materials and 
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DETERMINATION OF EXPOSURE TIME A?:D CONDITIONS BY T^IE HETNOD 
OF TEST EXR SURJiS 


The determination of the time and conditions of eaqposure hy the method of test 
axposiir»?s is oxaesi. ana simplest, method of finding the accurate exposure* 

The simplicity and reliability of this method, in spite of the fact that it 
involves a considerable loss of time 'ind cannot be carried out without certain 
conditions and equipment, have made it generally used. 

In practice, the accurate expc^sure time is usually found as a result not c a 
single test e:ci>o3ure but c f :tt least ^.wr, d sometimes m.ore. With fairly larre 
deviation in th.eir exp<'3ure;' ve thus ( bl '.i 
necessar-.' basis ■.‘•■'r a 'udremen* as *c the 


certain excMcsure ranre rivang the 
sure time ar.d icr. di tic-ns and of the 


ph o t c gr a ph c c- r r e s pon d i n r t ■ t h e rva r * i c u 1 a r r r v-' b 1 em . 


l-eterraination of the 'onditior.s of ■•'xTvcsur*' ' y the Ai i cf the :lax'>nograjr. 

-n mction picture practice, the methcd cf expos'ure by * ue aid cf an exponcctrair. 
is used with relative f recruency. This method assures nr‘ only the det erminati cn 
of the necessary' amount cf i Il-xminat ion, b:t also makes it pcssible to select the 
optimum conditions of exposure on the basis of an analysis cf the negative obtained. 
In practice, this method reduces down tc obtaining an exTx^ncgc-ajr, or exixsnometric 
•wedge, i.e. a series of precisely measured expcssures, and the development of the 
negative under conditions roost closely approaching the conditions of its processing 
in actual production. In cameras provided with a mechanism that automatically 
closes or opens the obturator, it is exp>edient to utilize such an automatic 
obturator for the precise setting of the exposures obtained as a result of varying 
the slit, i.e. the angle of opening of the obturator. Since when taking such an 
exponogram, the brightness of the object photographed and the value of the relative 
aperture both remain constant, the quantity of illumination received by one frame 
or another is completely determined by the time of its exposure, i.e. by the angle 
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of opening of the obturator. 


The lens must be stopped down in this case in such a way that the first frames 
of the exponogram, corresponding to the m a ximum angle of opening of the obturator, 
shall be somewhat overexposed. 

Since, when using the automatic device, the angle of opening of the obturator 
during the time of exp^osure is varied continuously and uniformly, it is easy to 
detemine, for each given frame of the exponogram, the exact value of the exposure 
corresponding to it. To determine the time during which some specific frame was 
actually exposed, it is necessary to lea:*n the number of this frame, starting from 
the beginning of the stopping lown, and then, by tr.e icllowing tornrula, tc calcu- 
late the conditions of its exposure: 

‘max 


where t^^ time of exposure of the frame; i -■ rrajci...um. ang^e c: opening c. ^he 
ob-.ura-or a', the beei.i.-.ir.fi of the e.-cponog-ran; the r.'^.ber cf the frane, counted 
;-roc the beginning cf the 3 to;^do-,r.: v - frequency cf exposure (number of fnanes 
per second); ” length of autonntic obturator closure, expressing the number of 

darkening frames. 

As an example of the practical use of this fcmruln, let us consider the foUow- 
Lng case of the taking of an exponogram. A camera whose automatic snutter closure 
Lasted for 6L frames was used. The maximum angle of opening cf the obturator, i.e. 

= 175°. The number of frames per second v = 2u» The negative of the best 


quality, and consequently also the optimum exposure conditions under these condi- 
tions, correspond roughly to the 28th frame of the exponogram, counting from the 
beginning to the obturator closing, i.e. = 28. In this case the exposure time 
of this particular frame, i.e. 123 , is equal to 175 x 28/360 x 24x64 = l/U2 sec, 
and will be 1/2.28 the exposure with fully opened obttirator. The results of this 
experiment enable us exactly to find the obturator opening and stop that are 
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necessary iin<i«r these conditions. 

’«lien manual automatic motion picture cameras vrith a constant angle of obturator 
opening are used, the test exposures are usually made by varying the effective 
aperture of the lens. 

USE OF TABLEJ AMD CAirUL.\?CRE 

The acc'orailated experience of many years has led to the appearance of tables 
and graphs helping to determine the correct exposure time under given conditions. 

In most cases their calculation is based on the exposure time found experimentally 
for various ob^cts enumerated in tl.e tables, vrlch are photographed under definite 
conditions. 

In these tables the exposure or correction factors corresponding to speci-ic 
conditions cf pitotography , and defining the influence on the exposure time of the 
following factors to be taiien into accc'int are calculated: 

a) character of objects photographed and its exposure indexes: 

b ) geo gr a phi c po s i 1 1 on of ph t.' t o gr a pr . : 

c' time of photograph, month, time of day: 

d) state of the sky: 

e) photosensitivity cf the negative material used; 

f) relative aperture of lens: 

g) rrmsber of color filter used. 

The fact th^t the illumination produced on the photographed objects by the 
light of the cloudless sky and the sun for a given time and geographic point under 
the same atmosphere conditions is practically constant was very important in work- 
ing out such tables. 

On this basis, tables were worked out in which the values of the illumination 
produced by daylight for each day and hour is given with respect to the given 
conditions. 



Sanitized Copy Approved for Release 2010/09/03 : CIA-RDP81-01043R000900020001-5 




Sanitized Copy Approved for Release 2010/09/03 : CIA-RDP81-01043R000900020001-5 




In some tables, to determine the exposure time corresponding to these or those 
conditions of photograpiw, it is necessary to multiply a number of quantities deter- 
mined by the influence of various factors. In most tables these quantities are 
expressed logarithmically, and in these cases multiplication is replaced by the 
easier operation of addition, after which the required exposure time is found in the 
corresponding columns from the suir. of the logarithms. 

In connection with the fact that these calculations are in practice rather 
burdensome and take no small amo-.mt of time, devices built on the principle of the 
slide nle have been constracted, and also in the form of various movable circular 
scales !3atched with the scales of r±xed circles. luch devices include the rany 
calculators w):ich are produced today for the exposure time and conditions. In 
calculating exposures on th.ese instruments, the principcal ezepon cane trie factors a.re 
tai-ren into account, 

fte f'undcajnental fault of exposure tables and calculators of this type is the 
abundance of factors that are hard to classify, and the replacement of constants 
for a given photograph b:.' values wcLth variable factors which cannot be exactly 
determined. 

In sDite of the apparent exactness of these tables and calculators, and in 
spite of the fact t’nat the;r have been compiled cn the basis of numerous observa- 
tions, the accuracy and reliability of their results must not be overestimated. 

It must also be borne in mind that the results of calculation can never be more 
accurate than the initial data on which they are based. In the case under consid- 
eration, mariy of these data (classification of the photographed object, state of 
the sky, conditions of illumination, etc) are determined arbitrarily, by eye. Tne 
conclusion may be drawn from the above that the primary shortcoming of this method 
of determining the time and condition of exposure is the subjectivity and indeter- 
minacy of the evaluation of a number of the most important exponometric factors, 
while many circumstances of the photograph that are important, and sometimes even 
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decisive, cAnnol be taken into account with necessary exactness. 

OBJECTIVE EXKioUFlE HilABURHKSNT 

The Significance of Cb.iective Methods of Determining the Time and Conditions 
of rjcposure 

The practice of deternitning the time and conditions of exposure from tables, 
or by the aid of various photometers, was unable tc assure the necessar:.* quality 
arid constancy cf photographic results. The efforts tc construct s -r’unenoS ohat 
would mnlie it pc^ssible to provide cb;ective, quant iiaiive estimates of the features 
of the ohctograrhei objects and cf the illuminaiion were therefore entirely justi- 
fied. Throughout the whole history :f photography , inventive and designing thought 
was particularily aciive in this iirec*ion. Many dei'ices and instnuments of every 
ncssible kind were proposed tc assist :n the practica^ solution of fis important 
problem. 

The aoriear-in.-'e in l'^32 of the first models cf exposure meters of a funda- 
mentally new’ tyre, based on the rhct celectric principle, helped tc develop the 
recent methods of exposure measurement and to introduce them, into miCtion picture 
practice. The widespread use of pr.otcelectnc devices tor exposure measurement 
was substantially facilitated by the fact that the use of photocells tc measure 
radiant energy began with the very first steps of the study cf the phenomenon of 
the photo-effect by the hussian scientist. Professor Jtoletov, and the technique of 
the corresponding measurement s had already been worked out in sufficient detail by 
the time of their introduction into the practice of motion-picture and still pho- 
tography. 

The possibility of making measurements of the brightness or illumination of 
the photographed object by the aid of precision instruments under any conditions, 
and of obtaining the necesscuTr cjuantitative characteristics of these quantities, 
considerably faclUtated the solution of the problem of correct exposure. 
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In the practice of photography, it first became possible, as a result of direct 


measurements at the site, to solve the equation H - • t, where E, 

xayer ’ a v 

“Bob • — ' • K 

to assure the necessary quality of the results. 


not empirically, but with an accuracy that was entirely adequate 


In the above equation, ~ illuird nation of sensitive Layer produced by the 

corresponding area of the optical Isasgw; equals brightness of object photograph- 
ed, measured in the direction of the camera; v equals distance from rear nodal 
point of the lens to the image plane in the camera; n == f/d equals the stop nuiid>er, 
i,e, the reciprocal of the relative aperture c.f the lens; K equals coefficient of 
light loss in the optical system. 

The exceptional advantages of ph.otoelect ric instr'oicents, the objectivity cf 
the measurements obtained by *wheir aid, the considerable constancy cf their total 
and spectral sensitivity^, and ti.e closeness cf thac spectral sensitivity to tr^t cf 
the eye, all assured these instruments of the widest introduction Into all fields 
of photometric measurements. 

In connection with the very.' sr.all photographic width, and t'r.e limited color 
range of ra>dem nrulti-la^/er films, the methods of objective exposure measurement 
have acquired particularly great significance in the practice of color photography. 

Determination of rbeposure Conditions by Means of Fnotoelectric Instruments 

Fig. 31 is a schematic diagram of photoelectric light-measuring instruments. 
These instruments consist primarily of a photocell with a selerdum layer and a 
direct-current electrical measuring system corrected with it, consisting of a 
needle mametoeiectric ricro'-cter. The ranre and accuracy cf the measurements 
nvade with them depend not only on the sensitivity of the rhctocell itself, but 
also on the sensitivity of the electric measuring device connected in the circuit. 

In most instruments, depending on their function, the microiaeter scales SiTe 
calibrated In absolute units of iUumination, or brightness. 

Instnonwits with scales calibrated in arbitrary units are also used. 
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In their simplest form, such instruments were designed to measure the illumina- 
tion of the scone being photographed. The calculations of the exposure time and 
conditions baaed on the measurement of the illumination, without allowing for the 
peculiarities of the p^.otographed object and for the conditions of the i 1 lumi n ation 


a) 



.'chematic Diagrar. of Photo- 
elect, ri': !Aixneter-I.-icr.t-yeter , de- 
signed to measure the illumination 
of the object phot orraphed. 
a) lensitive surface of photocell 
b} Picror.eter 


diarr.rafpr.s witr. ce^^s 


vari'us lorms. 


of tlie important elements of its subject, 
led in many cases to serious mistakes in 
determining the exposure. 

"he design of instruments intended 
*o measure t:.e brightness of the pr.oto— 
rrarhed objects ‘ t:.e so-called brightness 
meters, Pig."f' repeat, on the whole, the 
basic scheme of the liooreters, or light 
meters, designed tc measure the illumina- 
tion, and differ from them only m tne 
presence of limiters of the .ang-.ilar field 
o:' the i:;st miner. t , ccnsistlng of lattice 
attice diaohrarms voith lens r'-.ster, ordi- 


nary diaphragms, planoccnvex lenses, etc. 

fince most exposure meters, i.e. Instruments speciallcc designed for the deter- 
mination of exposure and provided with a calculator, are based on tr.e measurement 
o" the brightness of the objects photographed, an indispensible condition tor the 
satisfactory operation of an expo su re-meter-brightness meter is a limitation of the 
angular field to prevent outside rays, not originating in the object being photo- 
graphed, from acting on the sensitive surface of the photocell. 

Thus the minimum requirement determining the degree of limitation of the angu- 
lar field of the instrument is the equalization of this angle with the angular 
field of the lens used. 

In this case as well, however, it is still impossible to measure the brightness 
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of objects of sraaill areas, but which are often of essential importance for a given 
subject, without bringing the exposure meter very close to the surface being meas- 
ured* The exact measurement of the brightness of a certain area of the object photo- 
graphed is thus replaced by the measurement merely of its mean Integral brightness* 
cl) 

Even in measurements of the brightness of 
small areas of a texture surface, in spite 
of the fact that we distinctly distinguish 
its structure and the micro flashes and 
shadows characterizing it, the results of 
such neasuremenT-s likewise represent mere- 
the estimate of a certain average 
brightness. 

7r:e deflection of the micrometer 
pointer are determined in this case not 
by the minijmur. or iraxiirrum brightness of 
the objects photographed, or by the brightness of parts of the frame important for 
the subject, but by a reirr indeterminate quantity of the mean brightness, whjich de- 
pend on the ratio of the areas occupied by details of various brightness in tne ob- 
ject. 

This fact may in many cases lead to substantial errors in determining the 


rig. 32. Basic fcheme of Fr.otoelectric 
Brightness Meter designed to measure “he 
brightness of the cbject photographed, 
a) Angular- field limiter (lattice dia- 
phragm with lens roster; b) Micrometer 



time and conditions of exposure. 

V/e present the following cases from photographdc practice as examples to 
illustrate this proposition. 

In the first of these exsjsples the object of the photograph is a brightly 
illuminating huiaan figure occupying a relatively small part of the picture area 
and placed against a dark, weakly illuminated background* The differences between 
the brightness of the object and that of the background are very great* In the 
second case, the same brightly illuminated figure is placed against a bright. 
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illuminated background. 


In measuring the brightness of scenes being photographed, using an exposure 
meter, it is not only the rays reflected froo the figure being taken that fall on 
the sensitive surface of the photocell, but also the light rays reflected from all 
other remaining elements of the subject heaving equal brightness. The pointer of the 
electric measuring device of the exposure meter will in this case indicate a certain 
total mean brightness of the object of photography as a whole. 

In these cases, with the same brightness of the figure, tne total quantity of 
luminous energy acting on the photocell cf the expos; re meter wnll be found to be 


different • 

If this average total brightness of the abject photographed is used as a base 
for the calculation of the r.ecessar:.' exposure conditions, then the exposure time 
will be, with respect to the main element of the srjbfect, i.e. to tr.e human figure, 
too high in the former case, and the negative for this principal area, important 
for the subject, will be overexposed. In the latter case, t:.e difference of bragh 
ness between the object and the background will be small, and tr.e exposure time 
determined from the readings cf the exposure meter, will be correct. 

In the former case it will be possible to avoid errors orly if the measure- 
ments of the brightness of the corresponding elements of the object allow for tr.e 
angular field of the instrument, in the ijmediate proximity of the measured surface. 
The exposure meter readings will be determined In this case b:* tne actuax brigh — 
ness of each of the measured areas of the surface of the object, and the calculation 
of the exposure may be calculated in accordance with this brightness of the mam 
subject elements of the image. 

This fact completely justifies the demand for a considerable reduction in the 
angular field of brightness-exposure meters. But in spite of the obvious expedi- 
ence, the possibility of satisfying this demand is limited by the sensitivity of 
the photocells and micrometers. 
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‘.Vith a considerable limitation of the angular field of the instrument, the 
quantity of light falling on the sensitire surface of the photoco3J. decreases# 

This results in reduction of the sensitivity of the instrument as a whole, and a 
substantial increase in the value of the miniinuin brightness that can still be meas- 


In most exposure meters used in notion picture production and in still photog- 
raphy, the ar.rular field ranges from '0 to "^0 • In some instruments with a rectan- 
gular sensitive photocell, surface, the ang'.ilar field in the vertical pLane differs 
substantially from the an — l^t r'ield along t^-e horizontal 'rig. 33). 

'.’he ■.’.'I!- iT-L exocsure meter, developed by !:rKrT and produced by the plant of 
the has a relatively small .ang-ilar field. In this instrument, which consists 

of a combined luxmeter and brightness meter, the .angular field of the cap for meas- 


uring brigh.tness is about 


(r'ig.'^l;. In measuring lov brightnesses, which is 


ae without a cap, t:.e angclar field is about ICC 


type to type. 


Ine minimum value of the accurate 


tness meters varies i rom 


arable brightness at angular 


the order of ICi— c 


used bv amate^urs. 


rom ^CC to fOC’ ap^ostilbs for most instruments 
cf these exposure meters thus makes it possible 


measure the brightness onl:,' for well illuminated objects. 


character- 


ize these quantitic-s practically, it must be pointed out tnat these brign ^nesses 
correspond to the brightness of the human face under illumination of 100G-15CX) lux, 
which is usual for motion-picture studio takes on black and white negative materi- 
als. In still photography, the level of illumination of the objects is in most 
cases considerably lower. In connection with this fact, the measurement Ox the 
brightness of individual areas, like that of the objects as a whole, of many exist- 
ing models of exposure-brightness* meters today, in the practice of white and black 
at the present time, in black-and-white motion picture photography in the studio, 
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sTtd ill still photographj’- with artificial sources of light, is becoming more and 
sore difficull, TtAs is explained by the fact that, with the introduction, into 
coninercial work, of the latest tj-pes of negative films produced by the USSR motion- 
picture film industry, with their extraordinarily high sensitivity, the general 
level of illumination of the scene being photogi’aphed has sharply fallen* 






\-\ \\ 



.hir'.'e ^haract-erizing the ••.ng'a 


i -u r^xposurt 


provided with a cap for meas- 


uring brightness. 


In these cases, the measurement of 
the brightness of the individual areas 
of the frame, w'lth which the motion pic- 
ture operator and still photographer 
must deal when using high-sensitivity 


black-and-vr-ite negative materials, is 


is difficuli 


ual oractice. ..'e 


wr.en using modem r.igr.-sensitivil 


(at . - C.6"-0." 


a origr.tness -,eve^ c: 


the minimum brightness that can be meas- 
ured with most of the exrxisu re-brightness 


)v.' in use rsust be not less than 300-500 ap>ostilbs. 


3ince the possibility of using an instrument 


determine the conditions of 


exposure at low illuminations of the objects depends on the lower boundary of sensi- 
tivity, it follows that the efforts of designers l:ave recently been directed to- 
wards a substantial increase in the sensitivity of the exposure meters. Thus, in 
the latest model of the USSR exposure meters EP-4., the lower boundary of the meas- 
urement range of low brightness has been reduced to 50-100 apostilba, which con- 
siderably expands the possibility of using this instrument under the conditions of 


Sanitized Copy Approved for Release 2010/09/03 : CIA-RDP81-Q1Q43R0QQ900Q20001-5 





Sanitized Copy Approved for Release 2010/09/03 ; CIA-RDP81-01043R000900020001-5 



Sanitized Copy Approved for Release 2010/09/03 : CIA-RDP81-01043R000900020001-5 







Sanitized Copy Approved for Release 2010/09/03 ; CIA-RDP81-01043R000900020001-5 




Color Sensitive 


The successful use of various forns of photoelectric instruments in objective 
photometry maj- be considered to be assured only when brightnesses (or iHuminations ) 
vfith equal, or at least with very similar, spectral characteristics are being com- 


pared* In exposure measurements, alongside 


determination of the brightness 


level of the scene to be photographed, the correct evaluation of the measured bright- 
ness becomes particularly' important with respect to the actinic power of the lignt 
reflected by the objects, and its action on the sensitive layer of the nega^^ve 
material used. 

The data on brightness or illuriinaticn of the object obtained 'tr/ the aid of 
the exposure meter provides nc direct basis for the analysis of the light flux and 
the judgement of its spectral composition. Tn connection with this it is necessaryr 
to determine the extent vo which the seleni'im photocells used in modem instruments 


meet the demands made cn photographic exposure measurer.ents. In the ideal case. 


soectral sensitivity o; suer; an 


_ncide completely vrith 


+ y,e spectral sensitivity of tr.e negative material determined after allov-ung for 
spectral transmission br the optical s;rster. and color fil'.ers used. It is onl^ 
when this condition is satisfied that the readings of an exposure meter can be 
utilized with sufficient confidence in the accuracy of the results. 


If the spect 


of the photocell do net coincide with those of 


the negative material, corrections of one kind or another must be applied to the 
calculations of exposure* 

The value of these corrections is determined by the color sensitivity o. v.he 
negative material, the character of the object photographed and the spectral com- 
position of the illumination. 

The spectral sensitivity of the photocells used in the practice of eoqx>8ure 
measurement, is close to the spectral sensitivity of the average human eye- The 
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curves of spectral sensitivity of even the best modem panchromatic negative materi- 
als, in spite of the substantial improvement in their quality, still differ from the 
curve of the spectral sensitivity of the eye. 

From a comparison of the data on the values of the relative spectral sensitivi- 
ty of the human eye and tne selenium photocell it is clear that the relative sensi- 
tivity of the photocell in the region of the violet, blue, blue-green and orange-red 
zones of the spectr-ua considerably exceeds the value of the relative sensitivity of 
the eye (Table 


Cn coTT.parir.r the sr-iectral ser.sitivitv 
riatic negative hkieriai; 'and ef'^^dr.e hiiruLn' e 


tr.e rr.ctocell, of the average panchro- 


c 1 u s : •' r. nuay b e i r 


totocells, in the iistrlbution of t'.eir soectral 


te spectraj- sensitivi: 


panenrom* i : 


and their corresoond- 


appreciaoxy stiroass 


'.e r.onnal nun 


ave len ct r-. 1^2 C rl 11 in: c r on s 



sensitivity or' panchromatic negative material for th-i? wavelength is '"O". 

For wavelength ie-O raillinicrcns ?blue), the relative sensitivity of the ey* 


the photocell and panch 
!'20 rtillinic rons (gr 
(red), 1.7, 12 and r 


romatic negative mater'ial are and 8'^" respectively ; 


rroir. a comparison of these values the conclusion nay be drawn that photocells 


vrith a selenitim layer have a spectral sensitivity which on the whole assures the 
possibility of their successful use in exposure iDeasureraents, 

The results of measurements made by their aid prove to be incomparably more 
accurate than the results of the most careful visual estimates of the illuminatio 
or brightness of photographed objects. The data on the time aiid conditions of 
exposure obtained on the basis of this measurements do not in practice differ 
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Fig.35. Relative opectral Sensitivity of Seleniur. Photocell, Panchromatic 
negative Material (Mean data) and h’.iman (in ■>) 

a) Panchromatic negative material; b) Selenium photocell; c) Kuman eye; 
d) V.’nvolength in millimicrons. 






f 


sub 3 tan ti silly from the exact values of the exposure necessary under these or those 
taking conditicr.s* The estimates rnade by the eye with the aid of visual methods, 
however, fluctuates so substantially with the spectral composition of the illumina- 
tion that the possibil-ity of obtaining ar»y sort of stable and constantly high grade 
photographic results by their aid nay be considered excluded. 

It must be noted that the h’oman eye, in spite of all its inherent shortcomings, 
still remains the onl^’ criterion for evaluating the naturalness c the pl.otographic 
renroduction cf tones. i'er this reason one of the principal derar.is that negative 
material for black and white photography must meet is the increase cf its color 
sensitivity by every possible means and I'r.e imprc venen - : I'-o cc.cr reproauccicn 

by bringing ‘he cunt'e of spectral sensiti\mty of the ermclsion as close as possible 
to th.e cur'/e of sensitivity cf t’.e human eye. The smaller the iifferences between 
*he color sensitivity o.^ the negative m.aterials .and t.'r.at cf the eye, the smaller 
v/ill be the possible errors in ietermining t:.e expesure by means -f a phctoelec trie 
exposure meter. 

Thus the ronclnsi^^n may be drawn: * he closer tie color sensitivity of the 
negative material to the spectral sensitivity cf t;;e eye, the better "he results 
that a, photoelectric exposure meter will yield -in working on tnat materia^, 

■..'hen negative materials cf lov;er c-lcr sensitivity are used, the exposure 
values imjst ultimately' be corrected accordingly. Ti'.is is particularly necessarc' 
for photographs or. orthochrorra‘ ic plates, since the errors in ietermining -he value 
of the expos-ure by mea.ns of a photoelectric instnur.ent are inadmissibly higr. wnen 
they are used, crv;ing to the differences of their spectral sensitivity, 

V.lien ordinary panchromatic negative film is used, these deviations are con- 
siderably smaller, and under the conditions of natural illumination they Increase 
only in taking objects illuminated by the light of the blue sky (without direct 
sunlight). 

For this reason, for the accurate determination of the exposure it is necessary 
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to allow for the variation in the sensitivity of the filias or plates used as a re- 
sult of the fluctuations in the spectral composition of the illuroination. Under the 


illumination conditions of interest to us, the sensitivity of the negative materials 


used must be found by means of test exposures, and these data used as the basis of 


an exposure calculation by the aid of the calculator. 

The foviet motion picture film, industry' has achieved consi derable successes 


producing high-sensitivity paiiclir erratic negative emulsions 


in their sp>ectraj. 


sensitivitv are rather close to that of the h’ortan eye. 


3, even today, tr.e considerable imprevement of th.e 


sensiitivitv o: 


black and wh.ite negative naterial-s and t:'.e widespread develornent of color phetog- 


f a d V s e rve a s t ; ; e p r c 1 1 c a ... ■: u a 1 1 ; i :: a 


t : . e vr_ c e s d i* e a u 


ex DC:; sure meters. 


. emoe r a t u re .. n : u: en c e s 


.an a. 1 1 on s in t e.m.pe r a tune nave 


:er.ce on me coerati on o! onctc 


r.erefore on tr.e ac''uracv o: t.ne re.aatnf 


a.n exp^: sure meter. ..ne 


effect of t err.p>ertt’ :re f'*u'' tuation on tn.e acnracy cl *-ne eirpcsure measurements 
a metical effect cnlt.* with vei-v great flue vaa*. ions rf the temperature I'onr.ect 


les nave snown tne existence 


arge negative temperature coefiicient. 


This means that with increasing temperature 'he value cf tne photocurrent ro.pidly 

declines, inder ordinary tem.pera.tu re conditions this decline of the photocurrent 

generated by the photocell readies C.2-0.3" for each degree of temperature increase. 

o 

V/hen the temperature is further increased tc 10- oO C, the decrease in the photo- 
current is appreciably accelerated, hlien the temperature decreases, the photocur- 
rent increases. 

o 

Research has shown that the photocurrent reaches its maxi mum when the tempera- 
ture is reduced to 2-6^C. On further lowering of the temperature, the increment of 
photocurrents markedly decreases. V/ithtn the limits of small temperature fluctu- 
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ations the practic^al effect of fnis factor on the results of exposure measurements 
be neglected. V.lth a considerable increase of temperature, hov/ever, as occurs, 
for example, in the Central Aaian repubUoa, the influence of the temperature factor 
increases so considerable.- that it is necessary to apply a correction factor in de- 
termining the exposure. 

Th.c prolonged storage of a photoelectric exposure meter at temperatures of the 
order of appreci-abl;/ lov-ers tV.e sensitivity of the instrument, -in exposure 

meter should 'herefere not be expensed to prolonged overheating. 




fenst-anev of I-dCDosure Meter ■-.eadings 
In evaluating the constancy o! : 
riish -and consider separaiel:.' t i'.e tr.-: 


tcelectrlc exposure meters, v;e ms 


stanc'.' cf their 


or. due tc the phe- 


nomena of short-periM fatigue, and the variations 


extended period . f time. 


ohctocell of an 


. n 3 1 r .im.en t i s su b e o ’ e d t c t r. e 




tier rroduced 


sun in tr;e siucmer mtintho), then, after cnly a fev ..—utes :: 


cf ihe action of t:-e light, a considerable 
Lt ma" be noted, roaohinr "f— "Q”' and more. 


'kness, suer, a 


"fatigued” exposure meter recovers its sensi cj-V.^ , -. 1 -.^ -..e ger 


arain attains its former va-ue. 


The inaccuracies iniroduced inio ihe measurement results ovine tc the phenomena 
of fatigue depend Frimu.rilc. on the intensity of the ill-uminatior. to ■..Ti.ch the sen- 
sitive surface of fne photocell was exposed. Thus, if tr.e photocell o. ...e ins>.ru- 
ment r.as been exposed to brief ill-u.-rdnations of the order of 1000-5000 lux. which 
are usual in the practice of black a.nd -white and color takes in the motion picture 
st’udio, these inaccuracies do not exceed 2 to 6'i, bu^ a^ higher illumi..a.iOn3 h y 
reach a few tens of percent. 

In measuring low illuminations, therefore, the constancy of operation of the 
Photocell may be considered to meet the requirements of exposure measuremente. 


7 
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At hif^her levels of illimilnation, prolonged illumination of the sensitive surface of 
the photocell must be avoided in eveiy way. In case of t}ie measurement of high 
brightnesses, the phenomenon of fatigue must likewise be taken into account. In 
checking the brightness of sources of iLlumination and the measurements made under 
conditions of vera-- high, illumination, neutral gray filters should therefore be 
placed in front of the photocell of th.e instrounent. 

7o regulate t.::e light flux falling on ’re sensitive rjurfaoe of ti^e pi^otccell, 
some -'-XTX'sure m.eter's .are prcviie.i wit:, .a sj>eci.al iris di.aph.r.agm, ”or this reason. 


.a-i, exwsure meters, in or 


:ell retting out 


oi order wr.en, tr.e rxiinter o: t.ae instrument ae; _e 


scale, ’.he diaph.rva.grr. mus’ .ac ' ' r ilngly be 


lesticn c:' the 


rjLnated neriodiiallv bv sr 


:: o .? su 1 , ' e ■" ’ e a t c 


of IC.COh I'.uc) rave a fall 


in t ;'.e rno t ocu r ren t , 


v/:ii le or-c a o c e ..l s r i od i c a _ j 


?'cr an eirposure meter crer.ating under varied, if not axv.aays, r.ign ii.^uru.nation, 
the constancy of its action my be considered to be in practice satisfactory’. 

In suite of the h;ig’r. constancy of tiie opera* ion of modem photoelectric expo- 
sure meters, their tecimical state and the accuracy of the measurement results 
obtained \rr their aid must be regularly’ checked •■nder tl'.e conditions of motion pic- 
ture production. 

Checking the Operation of Exposure H .ters 

A 'jcriodlc check of exposure meters, and above all, of instruments used to run 
parallel tapes on film, must assure the necessary uniformity of the results obtained 
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vd.th them* At the present time a tecVinique of tests has been developed in the sys- 
tem of motion picture photography, and installations for checking all the princip>al 
parameters of exposure meter operation are installed at some studios of the USSR* 

Frequently, even among new exposure meters that have not yet been used, consid- 
erable discrepancies in the readings are often observed, reaching 30t and even more* 
These discrepancies are connected vrLth the ncnuniformity of the characteristics of 
selenium pJ'.otocells* I-h'en new instruments which have not been tested and are not 
provided with technical test certi ficates, rr.ist thierefore be subjected to compara- 
tive control tests. 


t.e conditions cf notion picture work and of the 


of amateur pr.o- 


tographers, the usual st-udio methods of testing the accuracy of the readings riven 
by an exposure meter prove to be ir.pKcssible tc carry/ out. 

In such cases, for si.ort eoqoedit ions, s.^t is factory/ results are giver, by the 
method of testing the operation of an expcsure meter based c.n the nreasurenent cf 
the relatively constar-st brightness of the nrrtr.em part of the clear sl-y/, in the 


untervau :.e tween ana r.curs in 


clo'idless weath.er. 


Before t’ne departur 


t e exrvedi 1 1 on . si 


sky is measur'ed, and the result of this measurement 


tr.e nortneiTi 


used as the basis for 


estimating tne resui 


;'.e suosecuent control measurements. 


During the measurement ti.e exposure meter is pointed towards the northern part 


of the sky at an angle 


to the horizon. 


It must be borne in niind that the presence of even a slight haze may sub- 
stantially affect the results of the measurement. 

It is therefore desirable to make test measurements under conditions approach- 
ing those of the original control measurements* 

Experience has shown that in cases when the control measurements of the bright- 
ness of the sky differ from the initial value by not more than 25%t accuracy of 
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the instrument readings may be considered to satisfy the requirements of practical 
ph.otography in the open air. 

An epqoosure meter may also be tested by comparing its readings with those of an 
Instrument known to be in good condition and verified. If the sensitivity of the 
photoelectric exposure meter being tested has changed, then on the basis of the data 
of such compvarison, a table of the corresponding corrections isay be compiled. 

TEChhi^u:: Cr cDtr: acd fC!:ciTioK:f of iicKsini 


rhe Use of Fnotce^ectric rbcposure ..e^ers 

Cne of the important circiimsiances ral'.ing it r.ezessar;,' *o ab 


ietemina'ion of exoosures is t;.e iransiiion 


messing of metier, picture 


or. developing na:h.i.nes and the widespread use of the method of time devel- 


oment of Dhotorrao.cic negatives 


conditions of exTX’Sure of eacr, in; 


ri ires grea* 


ih.e point of tiew of the eper 


atcr, as an artist, the advisability of adopting a mechanized a.nd exactl:.' controlled 


sthod of developing negp.tives is due ..o tt.e urge 


ide the inf-uence cl ran- 


dom factors not dependent, on the will of th.e operator .nimse.^i an; 


d' stert the 


rtistic and mimetic solution th* 


7he necessity of a tra.nst-icn . rorr 


handicraft methods of laborateme processing 


the processing of motion pic 


fiim on developing machines ir lil:evrise due to 


the purely technical demands that the negative must meet in connection with the 


union oi imai?e ar 


nd sound-track on a single film. 


Since the standard processing of the sound track is a necessary condition for 
the high quality of the sound, it follows that when image and sound are joined in 
a single positive, the negative and positive images cannot be developed to a ran- 
dom density determined by eye. 

V/hen the constant regime of processing motior^-picture negatives and developing 
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Is: 


still photographic negatives br time is observed, significant deviations of the 
conditions of development from the established norms proved impossible and therefore 
the requirements for the accuracy of exposure of each individual negative must sharp- 
ly increase. The existence, at the same time, of various types of actinometers, 
photometers, and similar instruments for determining exposure, owing to the funda- 
mental shortcomings of their design, could not assure the necessary constancy of the 
results obtained by their aid. 

In 1^32 the first photoelectric exposuremeter brightness meter, designed to 
measure the integral brightness of the object photographed, appeared. The rela- 


tively satisfactory' perfomance of such an exposure meter -cr takings 'under ^r.e 
conditions of natural illumination v»as explained by the large photographic 'Amcth of 
the negative materials, by the relatively' limited brightness interval of most photo- 
graphic objects, and principally, by the lcr« demands on tne accuracy of exposure 


ments that were made by photographic 


"or the ourpose of deter- 


mining exposure, and all the more for tr.e control of tne au^us-ment o. na t 
in the motion picture studio, the technique of measuring the integral brightness 
cannot be considered satisfactory. 


The reservation musi 


be made that, in individual cases, when the pn.oto^rs 


objects are luiiformly illuminated and have nc considerable contrast, the use of tne 
method of measuring the integral brightness may give satisfactory good results. 
Idowever, in cases when the interval of brightness of the object and its contrast of 
illumination are great, attempt to determine the time and conditions of exposure by/ 
measuring the integral brightness lead to unsatisfactory- results. 

The methods of determining exposure based on measurements of the brightness of 
individual elements of the object to be taken are considerably more advanced. In 
motion picture work. In combination with the results obtained in control measure- 
ments of the textures, and study of standard developed axponometric wedges (expono- 
grams), the use of this technique assures not only the accurate establishment of the 
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for a given negative material may be established by the aid of the calculator* rfhen 
the measurements .are accurate and tiie calculations are correct, the value of the 
exposure so determined will be equal to the minintum value of the exposure that is 
correct under the given conditions of illumination and with the given character of 
the object. 3ince the density of the shadows under these conditions of exposure 
will correspond to the densities of the lower part of the characteristic curve, de- 


will correspon 


termined with allowance 


for the value of the rrdnixsuni useful gradient, it follows 


stalls in the sr^adows wiH show up well, and tf.eir brightness will be 


preport lona-L 


reduced on the negatives 


. If the contrast of the object cf the 


picture and the interval ol ii—Ui... 


irnre are net great, and the 


value o: tr.e ma: 


correct exposure c o r r e s pomling 


the brightness 


the bright- 


est sections 


cf the object dees not go 


bevend '-he limits of 


iseful Interval of 


exposures, then the deta.i-.s 


in tr.e righ*-ilg 


fts wili also be correctly reproduced. 


editions are observed, the densities t:u 


regative obtained as 


a result of expos*ire and development, and correspending tc tre miniE 
bright elements cf the object, will not go beyond the boundaries of 
Lnter'/als of density of the sensitive material employed. 


In establishin 


illumination of the motion picture decoration, the use o. 
^^nroduction of details in the shadow's of the objects. 


this method assures the good reproduction of details in the shaaow's o. ...e oo^e 
and of the half tones and high lights for the overwhelming majority of objects 


photograpnea. 


The upper limit of brightness 


allowable in such cases is reached compvar a lively 


rarely In practice, since for aiost subjects the value of the interval of briglitness 
of the object and of the negative densities corresponding to it are less than the 
useful photographic width of modem negative materials, determined with allowance 
for the value of the minimum useful gradient in the upper and lower portions of the 
characteristic cunre. An exception may be strongly flashing surfaces and sources 
of illumination in the frame, the densities of which, in the negative, go beyond 
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jid the tine of exDos'-ir'e to the ralue 


o. tne mninun cc 


pensabie condition for obtaining results -of good quality. 


the l i mi ts of the working densities, 

i.he importance of the e^ct detorminatlon of the minirmim correct exposure is 
very great. In addition to the obvious economic and productive significance of the 
use of the smallest possible number of illuminating devices during takes in the 
motion picture studio, and of the smallest possible number of the personnel serving 
those sources of light, t)ie exact determination of the minijirum correct exposure 
takes on great practical significance in certain other cases of photography as well. 


Thus, for example, in talcing objects with a large number of srsall details, in con- 
nection with the considerable scattering o:' light in the emulsion layer, the opera- 


tor and photographer often have occasion to limit, to the extent, the quan- 

tity of ill’unination of the sensitive layer, and to work at. relativel;.' low densities 
of negauive blackening. 

In these 'ases the unconditional correspondence of tr.e conditions of expc^sure 


if this requirement is not met, and the value of th.e miniraun negative density 
IS lurtner lowered, beyond *.he limits of ti-.e densities corresponding to the minimum 
c:rrect exposure, then the proportionality of contrast reproduction in the shadows 


of the object will be impaired. 

The method of measuring the least brigh 


ement of the subject and of estab- 


conaations of exposure 


determining tne value of the mini- 


mum brightness is the most rational from the point of view of economy of light, and 
completely assures the production of negatives -with the necessary and sufficient 
densities. 

In cases where the brightness of the brightest element of the subject is lower 
than the limiting brightness that can be correctly reproduced, the general density 
level of the negative may be raised by lengthening the exposure to the extent at 
which the brightness of the brightest area of the object, and the densities corre- 
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3ponding to It, will not go beyond the limits of the useful interval of densities* 

The measurement of the brightness of the individual areas of the object to be 

taken must allcav for the angular field of the instrument, in immediate proximity to 

the measured surface* For most modem exposure meters having an angular field of 
o 

45—60 , the measureanent must be made at a distance not exceeding the width of the 




ag measux-tyu. i,nis case one srouxa oe sure Lnax unaiorm 


and unif orml^’' illuminated parts of the area to be measured are within the limits of 
the angular field* 

Method of Measuring the Brightness of a standard ’.-.'hite lurface 

In view of the impossibility of accurate measuring the brightness cf small 
areas of the objects photographed, and likewise of the difficulty of measuring lo\v 
brightnesses of pj:'eas v.*ith low coefficients of reflection, a frequently used method 
is that of measuring the brightness of a standard white surface, set up in place of 
the area of the object for which the exposure is being determined, or the level of 
illumination is being established, is often used. This method is successfully 


illuminated surface, is very low and cannot be accurately measured* For determining 
its brightness by calculation with the aid of the exp>osure meter, under the con- 
ditions of a higher illumination, the brightness of a surface, analogous in coating 
and texture to the area of the surface, is measured* Then, under the same illumina- 
tion conditions, the brightness of a sheet of white mper placed on the surface is 
measured* 

The ratio cf the brightness values obtained as a result of these measurements 
determines the ratio of the coefficient of reflection of the surfaces of the meas- 
ured object and the white p>ap>er. 

The pap>er is then placed on the dark and only faintly” illuminated section of 
the object whose brightness could not be measured directly and its brightness is 
again measured* By dividing the brightness of the v.iiite p>aper so obtained by the 
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ratio of the coefficients of reflection of the surfaces of the measured part of the 
object of photography and that of the paper, vre obtain the required value of the 
brightness of the dark area wi.th which we are concerned, 

Knowirig the approximate values of the coefficients of reflection of the stand- 
ard white surfaces, and of the corresponding area of the surface of the objects 
photographed, and using the method of substitution, we may easily establish the 
value of their brightness. 

This method may be supplecsented by using a selection of textures and coatings 
of the decorations used in takiiig the film, the brightness of which must be measured 
under the same illumination conditions in whici: there is an area of the photographed 


hat is analogous in its makeup. Under the same condi'ions the brightness 


of the white reference standard is also measured. 

In this case the ratio of the brightness of ore coating or textures or another. 


termined by the aid of the expx^sure meter, to the brightness of a matte white sur- 
ce sLmilarl'r illuminated (which, vrith a certain degree of approximation, is taken 


aitv) determir*' 


es the coelficient 


brir.htness of the texture under examination. 


A white bar;.^ta s'urface is used as the reference standard for these measurements. 

The data or. the brightness of the surfaces being taken, obtained by measure- 
ment, nay be directl;;^ utilized in calculating the exposure by the vv-ell-teown fornru- 


These same data may also be used as the basis for determining the exposure 
conditions or for setting the required level of ill urination for each of the tex- 
tures used, by means of photographing the exponogram. 

It must be noted that the riethod of measuring the brightness of a white refer- 
ence standard is essentially^ a method of indirect measurement of the illumination 
of the given surface, since the brightness of a standard white surface of a refer- 
ence standard that diffusely scatters light depends only on its illxmi nation. In 
making these measurements, the exposure meter is set up at an angle to the white 
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barjrta surlace of the reference standard, whose dimensions have been determined 
allovring for the angular field of the Lnstrument and exclude the incidence of out- 
side light rays on the sensitive surface of the photocell. 

Method of Measuring the Brightest HLement of the Ob.ject Taken 

• he attachment of the whdte reference standard to the eocposure meter should 
assure its easy replaceiaent by texture specimens. 




the details of t>.e frame that are important for the subject is very low and cannot 
be measured by tne exposure meter, wh.ere it is inconvenient, or, for some reason. 


impossible, to use the method of substitutin? a standard whit 
of m.eas'iring the brightest element of the subject may be empl 


e suriace, tne metnoa 


te le termination 


th.e exposure is based on t'oe measurement 


ness of that lightest element of the object tarien the correct reproduction of tr 
brightness and details of wT.ich is essential. The maximum correct exposure so 


found wmll correspond to the densiti 


les of tne upper segment of the characteristic 


curve. In this case the contrasts will be reproduced ii 


re c t pro p>o r 1 1 on , to- 


gether with all the darker areas of the objects, whose brightness is net less than 
l/l> of the value of the brigr'.tness of the brigh'est element cf the subject, where 


L equals the useful photographic width of 


negative materia 


Tince the photographic width of modem black-and-w'hite films and plates 
reaches 1:256 or more, th.e minimum allowable brightness of the darkest areas of the 


phe tographed objects that 'will st-ill be correctly reT)roduced bv the ma v be 


taken as equal to 1/L28 to 1/2 56 of the brightness of their brightest elements. 


For color pictures, in connection with the relatively small photographic width, 
and the small color range of multi-layer films, triis ratio will be considerably 
smaller. The use of this method of determining the exposure completely assures 
the correct reproduction of the details in the high lights of the object. In cases 
of very great brightness interval of the object being photograi^ed and the use of 
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negative material with a email photographic width, the proportionality of the repro- 
duction of the contrasts and details in the shadows may be impaired. 

It is important to bear in mind that, when using this method, the sources of 
illumination in the frame, for example, lamps, chandeliers, etc, must not be meas- 
ured as the brightest element. 

From the point of view of eco:ion:^.' of liglit, the method of measuring the bright- 
est element of the subject is an irrational production method and leads to the pro- 
duction of negatives of elevated density. 

The use of this method makes it possible to use exposure meters of lower sensi- 
tivitv for the m.ea3urement3. 


sure may be deteimiined by estimating the brightness of both the brightest and least 


disadvantage of this method 


number of measurements. 


making a rel 


Measurement of the Brightness of the !lair. ?u,ement of the objects o: importance 


v,i th lieference to the Subject 


cip.;y , cij. 


of determining the exposure, in order to establish, the necessary.' light oalance are 
usruallj' supplemented by measuring the brightness of the main area of tne :rame .sav- 


ing subject importance. 


ce object of measurement in these cases is the brightness 


of the face of the principal personage of the scene being tak:en. In margr cases, the 
peculiarities of the construction of the motion picture set, arising m connection 
with the montage solution of the film, force the op>erator to maintain a certain 
constancy of the density of the face of each given personage in all the frames of a 
sub:5ect-montage composition, maintaining the constant character of the illumination 
of the scene. This requirement cannot be extended to all cases of motion picture 
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practice. Thus, for example, in special effects, the illumination in taking sil- 
houette or semi-silhouette images, it is no longer expedient to maintain constant 


density of the face by comparison with the other scenes. 




To assure constant negative density of the subject- important elements of the 
! in a motion picture take, it Is necessar}' strictlj^ to maintain and control the 


constant brightness and constant brightness ratios of the principal areas of the 


object taken. 


In connection witt. t:iis the accm'ate detemina 


ti.e brightness of indi- 


vidual sufficient!’.' small elements cf th,e objects '•-ken i: 


ditior. of the successful use cf tr.is m.ethod of leiermtininr exposure, hovrever, when 


using exposure meters wi* 


large anpalar fields, the attairiZnent cf the 


necessarv accur 


me a sun nr tr.e Drigrivnes 


t : e cb ’ e c t t ak en 


e X p la i n e d b r the 


m.easurem.ents made 


rilv the measurements of the in.terral brightness cf sufficiently 


. r. e m e a s v: r e me n ' 


f the faces :f t: 


personages , 


:or estimatinj 


the brirhtne 


terize the given object, for example th.e brightness cf tr.e brow, cr.eeks, etc. 
Tr.e data obtained by such integral m.easurement s could sert^e as a basis f 


accurate determination of the exposure, for most oD:ec 


.ere the contrasts 


of illumination are small. In cases of high con.'rasts ol illuimmation, r.cwever, 
the accuracy of the measurement of the brightness of individual details in color 
shots in the mo’/ing picture studio is often inade-quate. Th.is is due to tne *acv 


thau une rePUxus o: 


the measurement of the brightness of one 


photographed or another ate determined not only by the illumination, Dut also by 
the peculiarities of the reflection of light by them, and may be composed, in the 
most varied combinations, of diffuse and directional reflection. 
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In cases of diffuse deflection, the brightness of a surface reflecting light, 
obeying Lambert’s law, will be the same in all directions, and its measur^ents 


jcixjsure meter-br] 


Ives no difficulty whatevers But where 


the directional reflection is either predominant or of considerable value, the 
readings of the exposure meter will fluctuate over a wide range even for the most 
insignificant variations of the position of the instrument (with respect to the 


meas’ured area 


of the obj*ects taken) which may lead to substantial errors. Measure- 


ments of brightness rsust be made at the same angle at which it is ”seen” by the 


surface of the camera lens. 


Lrect, measurenen' 


cf the brightness of ti.e object are often supplemented by 


cents of the brightness of a standard white reference surface. Being essen- 


:ialiv a method of indirect measurement of 


on o: the diffuseiv re- 


flected light of a white su:'face, ty'.is method has proved to be ret without subst<an- 
tial shortcoming. 


!easu remen ts of 


metned o; measurinr 


taken, of making control measurements of tr.e illuminatic 


e c on da ry areas, and 


of the spatial illumination, has been workei out, Tr.ese raasurements are made by 
means of I'-ix-lightmeters with scales calibrated in units of illunin.ati-;in , cr also 
by means of exposure meters provided with special attactiments (i'ig.l^). Xen the 


method of me; 


isuring the illumination is used in ecqx^sure measurement in practical 


exposure measuremenvs, wriucn iS usuaj_j^^ based on ^-he dOv.ermana -j.cn c- 

ness of the object, certain modifications must be made in exposure measurement 

practice, which is usually based on the determination of the objects brightness. 

It must be borne in mind that for textures possessing a considerable direction- 
al reflection, and for a flashing surface, measurements of illumination cannot 
provide an adequate basis for estimating the brightness of these objects, and is 
therefore little apjpllcable. 
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In connection with this, the data on the illumination obtained as a result of 
laeasurements cannot servo as a direct basis for determining the value of the illumi- 
nation produced csi the sensitive layer by the optical images of the object taken# 

The use of a method of iHumination 
measuremait must therefore be preceded by 
a preliminary,' study of the textures and 
coatings used in the shop. The appropri- 



ate test exTXJSures a: 


the expo— 


norcetric wedges inust be tai-cen, A study 
of the dat-a so obtained will r-ake it pos- 


sible exactl;- to fix the upper and lower 


laination o: tr.e scene being 


shot with respect to the assigned imita- 
tive effect, to the textures, and to the 
peculiar! ti '^3 of the negative materials 


the metnoG c: meas- 


•he higr. accuracy* c: the r< 


suits, even at ver^ 


makes this method entirely Justified under 


Attachment for Measuring Illumination 
a) Low brightness; b) Illumination; 
c ) Brightness 


productive conditions# 


The method of measuring ij^xuminaoion 
becomes particularly in constructing the 
illumination of the scene being taken. 

By determining, with the aid of test 


exposures, the necessary quantitative characteristics of the illumination of the 
principal textures and coverings used, the operator is enabled to establish the 
necessary and sufficient illumination level of the main and secondary elements of 
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the objects. 

The use ol' an exposure meter for measuring illumination very greatly facili- 
tates the operator’s work in establishing the illumination in taking panoramas, or 
the passage of the actors and objects moving along the most complicated paths, ^ 
means of such measurement it is possible to establish the necessary illumination o- 
ver the entire path of the object and to establish in advance the entire illumina- 
tion setup, which helps substantially to speed up the shooting process. 

In usual cases of measuring the illumination, an exposure meter provided with 
a special attac^iment is set up in the immediate proximity of the corresponding area 
of the object taken and is pointed towards the principal sources of illumination. 

In connection with the very great angular field of the caps used for measuring 


the illumination, the exposure meter autonaticall:.' allows 
on the total level of illumination of the objects uaken bv 


the influence exerted 


other secondarv 


sources of light located in the foreground nemisphere (the light of the sky, the 
light reflected by the clouds, the light of additional lighting installations, etc). 


The value of the maximum 


inn-tion of the measuring elements o: tne scene, 


so determined, are used as 


he oasis for the deter 


ination of the time and condi- 


In shots under the conditions of natural 


an open place, the 


illuminations on the object tai^en and in the camera coincide. : or -nis reason 
measurements of illuinination in open-air shots may frequently'' be made directly 
beside the camera. 


in me reproauc uion 


ioCuS CuruicCoeu Wi oii 


of the illumination of the scene taken, it is in many cases necessary to determine 
exactly not only the maximum illumination but also the mininoim illumination that 
can still bring out the details in the shadows of the object as required. 

In such cases the measurements of the illumination of the scene make it possi- 
ble rapidly and accurately to control the contrasts of illiunination and to fix the 
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necessary constancy of the character of the illumination of all frames of the epi- 
sode being filmed. For this reason, in notion-picture studio work, besides the 
level of illumination of the main objects, it is also necessary carefully to control 
the illumination of the background elements. In cases where the figures of the 
actors move in the space of decorations, it is necessary to measure the level of 
spatial illumination as well. 


Use of Exposure Meters in Color Shots 

Since even insignificant deviations in the exposure cf color films substantial- 


for obtaining good results vrith color shots that all exposure measurements and cal- 
culation shall be accurateljr and carefully made. The limit cf error of exposure for 


most subjects of color shots is ver 


r. connection witn 


is, the exposure time m 


ned with an accuracy 


vrithin 5Q’, and th.e value of the effective apverture within i division of the normal 
stop scale. 

Cr.e of the most important conditions of correct color reproduction is :he most 
complete utilization possible of the region cf nonnal expcs'ires for all three layer 


iiTT brightness of the objects whose color must be correctly reproduced on the 
photograph or on the screen. 

At excessive intervals cf brightness, exceeding the width and the color range 


of the film, and also with incorrect determinatic 


the minimum and maxdjmcm bright- 


ness of the object, distortions of the color reproduction, adversely' affecting the 
quality of the picture, result from local underexposures and overexposures. This 
can be avoided only by the most careful control of the contrast of illumination and 
brightness of all elements of the object by means of an exposure meter. 

This work must precede the establishment by means of test exposures of the 
exact values of the minimum and maxiiizuin brightness for the principal color textures 
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used in the shop* This is particularlj'' important in connection with the fact that 
in working on imilti-layor negative materials, the conditions of illtisination and 
exposure must be detormined with full allowance for the color tonality and texture 
of the objects being taken and for all the peculiarities of their reprod’iction on 
color film. 

The prart,iv''al importance of the exact establishment of these values for the 
correct reproduction of the color tone of the human face in the picture is exception- 
great. 

In determining tl.e time ruud cenditions of exposure by the expos'ure meter cal- 
culator tr.e practical es tablishm^.t of th.e accurate value of the sensitivity of the 


" e ga 1 1 ve ma .. e r i a * u 1. 1 lu z ec in a c c ^ c r 


'has IS oartic 


r.portant because coior 


storage lose rather rapidly 


a ccnsiderahle part cf its color sensitivity, Tr.eir sensitivity is often halved 
already during the first year of storage, .and in many cases th.e actual sensitivity 
c color films which th.e amateur metion oic'ure or still ohetogranher meets in his 


u'actice, does not e;*:ceed 


mst a^sc be oome in 


sens! tivi tv. 


his reduction c: sens 


IS oiten con- 


respect to both, sensitivity and tc contrast. 

In connection vrith. the differences between spectral sensitivity cf the photo- 
cell end t;iat cf th.e film;, ,and also with tl'.e differences in th.e spectral character- 
istics of the objects taken, the exact determination cf the necessary exposure time 
by means of the calculator is difficult in certain c.a3es cf color photography. It 
is therefore necessar“c to appl^.' certain corrections to assure the qualitcr of the 
color reproduction in amateur photography under the conditions of exposure deter- 
mined by measurement of the Integral brightness. Tlie exact value cf these correc- 
tions can be established by means cf test exposures. 

In taking bright subjects illurdnated by the sun vrith brightly colored details. 
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the index of sensitivity of the filn in GOtsT units nxiist be set up on the calculator 
of the instrument in accordance with the actual sensitivity of the color film being 


But in cases vrlth a predoiainance of darker objects, the index of sensitivity 
must be reduced and taken as eoiial to about h*alf its original value to assure the 
quality of their color reproduction. 

To facilitate the correct reproduction of dark or ver;;- dark painted objects. 


ex o' sensitivity of the film mst sonetines be reduced even more. 


In shots in overcast u'eat r.er, for calculating the ccnditicns of exposure by 
the aid of tr-.e calculator, the index c'l sensitivity of t:;e color film used rmust be 


. .his rebates to cases o: 


ag aark p>air-ted 


.•'each, the level. 


iterTainati::.n 


: f !.'erative Material 


less of the •'alc c^.a: ions perfc:~e': 


.. 


deicends tc a ver*' rre.at eccten* ~'r. th.* 


r.erative materua. usei. ..eYer*c:e_eL 


r.e a-aateur pr.ctogr 


c e r , 0 u t ever, s ome s re c : a * i c ‘ .c v.- r". c nay 




? t n ? t e s 1 3 , ry 


riven cn. ~ r.e 


a* a vfi .rout ai 


aensit ivitv as a resula cf 


storage, and ai.so the influence o'*" development , and certain ot.her factors, c.annot 


-assure tne ne cessar’t mi all 
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In connection with this, the high accuracy of the data on brightness or illiuni- 
nation of the objects taken, obtained as a result of exposure meter measurements, is 
combined in the calculations with values that are merely approximate and very in- 
accurately characterize the sensitivity of the plates and films used. 

For this reason, it is expedient in practical work, by means of test exposures 
with the aid of an exposure meter, to establish the exact value of the sensitivity 
of the negative materials used. r'or the successfi-:! conduct of these test exposures 
it is necessarr: 


t r. e o D ■ e c c d e i :: r 


i, taKing as tr.e st 


ruiteria_, t.c deter- 



exrcs'ire ' ir.e .ana lens 


in * :.e cnFr.tr.e 



imporiant details. cstabli: 


tne oxn^csure 


(tr.e 5 ton and exposure tine) by detemi ninf; h.cv niiny tines the illuminat: '""n received 


STAT 
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on it by exposure Is greater or less than the initial value oT the exposure* 

The greatest differences in the exposure conditions of these five negatives 
vrill have a ratio of 4 to 1, and vill cover an interval of exposures which in most 
cases v,'ill assure the exact establishment of the value of the actual sensitivity of 
the film as well as the testing of the exposure meter. 

Taking into consideration the fact that the quaiitities expressing the sensi- 
tivity in '!( :>? units are directly Proportional to -he relative practical sensitivity 


of the negative materiai.. 


of the sensit ivi *. y , expressei i: 


he test exposure. 


The result c: toe ca_ 


necessar^' io divide or multiply trie ro'iginai. vame 
n A .’T units, bv the ccrreciior. fcuni as a result of 


tivitr of the r.era*ive maierirt 




laborator-y processing, an i likewise 


an t : es c- 


ircve iescriDea is 


ction Picture 


As early as 1^3% the labcratory of p-.ct' 
i.esearch Institute for motion picfire photcgrarhy 
prototypes of .'oviet photoelectric exjxusure meter- 
able instruments a large expxisure meter of studic 
for photometry cf complex combined fram.es. 


d t t.he firs* expeu 


ce was also p’lt o'lt, designed 
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In the foUoxing years, alongside of various experimental models, the type SP-3 
of the ;;iKFI-t!Kir exposure meter, and the rT-l exposure meter, which is now being 
produced by the Soviet motion picture machine industry, were developed. 


The FJP-L Exposure He ter 

The exp'osure meter of tr.ia type ^.3 


a universal instrument for measuring tt.e 


brightness, togetner w. 


,th the illumination. 


wc principal parts, ccr.nectei by a vertical spindle. ...e 


lower rvart, whic;''. contatns 3^ - 

an exposure ra.'U^a* or. u.f s- t^e 


values rf :he absolute hriratness 


to one sta^e 


he object being tal:en. It consists 
snindle. -'he upper movable part cf 
, ii"* rotatei vith. respect to v.:.e 
• elecTica] netsuring device ani 
:eier Is alibrated in relative -tnits 
:ne 3 s for illumination -orresp^niing 


tcmpartr.ent , an iris liap.-f.. -..s-a.-e f 

- e --'reninrs - ‘he ccr.part 

the surface c: tr.e pr.o,,c . ■ i - 

wit" t*." ir.^icr ' 

illumination, and tV.e other ftr meaBurinf ...o 

The cap for ir.easurinr the briO-tnear. val.fs, beinr a 
field of the instr'xment, consist of a lens raster and a !. 


!•> p» r4 b C' ' - *- ^ * ** * m ' . • . V- - ^ - 

uring nediur. ^xd higr. brirt-ness values, 
tness values, being a limiter c: tre angu.t. 
a lens raster and a l.cnec'com.b lattice, m.'--n.e- 
• 'Wen usinr this at.tachment, the angular fie*d 


. . f r '“4 rr 7 / ^ thX3 n v. rJT-GT. - ^ f 

in a single mounting (cu. .-ig.,5h;. ■•‘•eu 

of the instr-ument equals /.th Ih.e cap for measuri.ng illumi-nation is provided with 
a ground glass. brightness values of the order of .0 apcstilbs are measured 

with a fully opened diaphragm, without a cap. The angular field of the instrument 
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is bounded in this case by the entrance ap>erture of the compartinent and amounts to 
o 

about 100 • 

The cap used at the time of measurement is set in front of the entrance aper- 
ture of the photocell compartment. In measuring low brightness values, both caps 
are placed at the sides of the exposure meter, by opening the aperture of the com- 
partment (Fig,3'')« The mountings of both caps vare held in the base positions by 

means of locking levice, which is released by a special lever placed on the side of 

the i n s t rumen t . 

T'-.e electrical measuring system is provided -witt. a mechanism for checking the 

poincer, thus fixing the pt:siticn of the px'sinter at the instant of r.easurer.ent. 

This de'vice considerably facilitates wcrk with tr.e exposure meier and erctends the 
r-cssibility cf its industrial use. i"r.e me ch. an ism cf hrakinr ti.e pointer -rcnsists 
cf a movable arr r.cvinr on a fine sr'iral spring attache,: tc th.e en i of the pointer. 

'..'hen a button at tie side cf *r.e Iwer part -'f the exp- sure meter is pressed, the 
arc mt'ves a'way and releases the pc'lnter. 

To widen the range cf measurements , the e:cp-sure meter uses an iris dia- 

2C, or 2CC, and -:a.n be fixed or. each cf th.ese ptsi ti."n5. Tn determining the 
value of the brightness cr illumnna* icn, the readings of tr.o ir.strumen* mst be 
multiplied by the 'tctcr :: o rre spend in r to the diaphragm opening. The r'ctre of 
measurerr.ent of the 'j-L e.:cpo3ure m.eter is veigt great -and covers all values cf the 
brightness or illumination that are m.et in the practice of still or notion picture 
photography. 

The calculator of the expws^are meter has tw-o movable discs and one fixed disc, 
on which the values of the relative lens apertures are entered within the range of 
1:1.0 to 1:45, and also three pointers correspx^nding to the respective cases of 
exposures with measurement of illumination and measurements of small and great 
brightness (rig.38). 

STAT 

113 


\V 
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On the ttiidile movable disc of the calculator, the cxpcisures from 1/3000 sec 
to 2 min are entered. The indicator on this disc is matched vrith one of the divi- 
sions of the scale of sensitivity characterizing the . photosensitivity of the 



"“t’C HP-t rlcposure ?-’eier. 


‘leasurir:;* ;'rif:r.tnes 


Values, the Caps for heasurinf Prigh^ness and Tllijaina'icn are 
Placed at the hides of the Instrument by Cpening the v penings 
of the Photocell Corr.partr4ent 

a) Ijcm brightness: b) Illundnation ; c)Brightr.e3s: d) GC.37 

negative materials used in GOST units. On the lower disc of the calculator there 
is likewise a scale of light values ranging from 0.25 to 2000 arbitrai-y units. 

The calculation of the time and conditions of exposure made bj the aid of the 


\ . 
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tl 


calculator or the exposure meter assures a density of the human face equal to 

0.9 on the negative image when using a negative material of the given sensitivity, 
when thJLs is developed to y = 0.7« This calculation is based on the results of the 
measurement of the illumination of the object talcen. The coefficient of reflection 
of the face here is taken as 0.3. The scale of relative apertures of the calculator 




■’alculator of the M 


.“ccposure w.eter 


a ) !>ov b r i gh t ne s s ; 


d-naticrr; c) Prightness; d) 


For the proper determination of the exposure time <and lens stop by the aid of 
the calculator, one must: 

1) Measure the brightness or illumination of the object taken and multiply 
the value so obtained by the factor corresponding to the position of the diaphragm. 

2) Match the pointer of the middle disc with the cor’responding division of 
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the scale of sensitivities of the negative iraterials used, expressed in GCST units. 

3) In case of the measurement of the brightness of the object taken, place 
the pointer to ^brightness” or ”low brightness” and in measurements of the illumina- 
tion the indicator ” illumination” on the upper disc with the corresponding division 
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ifhich is covered bv a. fijced sector. ’Then the disc is turned, the scales exchange 
places and siinultaneously automatically open or close the shutter, cases of 
low brightness of the object taken and of low illuzrdnation, the exposure time is 
calculated on t'ne red scale of lens stops and, using the red p>ointer. v/hen the 
brightness or illumination of the objects taken is considerable, the black scale 



Fig. 39. The Leningrad Vjpe Yu-11 Exposure Meter in its Tase 

and the corresponding black pointer is used instead. Cr. the upper disc of the 
calculator are placed the exposure tisnes fron-, lAOOO to 60 sec and a scale of the 
photosensitivity values of the negative materials used, expressed in GOST units. 
On this sane disc there is also a special index pointer corresponding to the expo 
sura time for motion picture photography . at a rate of 16 frames per second and an 
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angle of obturator opening of 170-180”, 

The rdcrometer scale is calibrated in relative units fron 1 to 8. "'lie approx- 
imate values of the brightness, or illumination, corresponding to the divisions of 
this scale, are given in Table 10, 


Approximate Val'ces of the 

Drightness or 

Illumination lorresponding 

to the dcale niviai^ 

on of the "I.cni 

ngrad” Ibcposure I'eter 

Divisions ~f ■h^ightness ^ 

micrometer area, (in 

scale 

ap<03tilbs ) 

1 • '.r-. -i na t i on of ob e c t tt 
(in lux) 

'.'ith cpen 
sr.ut, cer 

kith closed 
cd -.utter 

■ .dtl or-en lith. do: 

; u 1 1 e r 3 : :u 1 1 e r 

: 

KX 

:'C 2 ,XO 

2 2C 

CX 

ICC ^ coc 


l,fX 

2X C,COO 

?C 

3,200 

IX 1-,0X 

■: 

f , 1 X 

ax 32,coc^ 


13,CXX 

1,6X if, COO 

{ 1C 

2f,0X 

.•^,2X 13c, XO 

C l,3CO 

x,coc 

^■,1X 2 50, coo 

rner. this exposure meter is 

used as a brig: 

-.tness meter for determining 


necessarr exposure tine one rrus-,: 

1) hatch vn.th the index p^>inter the di'rision of the scale corresponding to 
the value of the photosensi tivity of th.e negati^.-e mterial used, 

2 ) Point tl'.e instnunent at t!*',e object to be tairen and rotate the disc i^i.e 
calculator until the black index of the lov/er disc is matched vd.th the division of 
the micrometer scale corresponding to the deflection of the p>ointer. If vrith closed 
shutter the deflection of the micrometer pointer does not exceed two scale divi- 
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sions, the calculator disc must be turned ’intil the I'ed index pointer is matched 
with the corresponding division of the scaxe* In cases of higxi brxgiK^iOss of the 
object taken, however, when the micrometer pointer goes beyond the limits of this 
scale, the calculator disc must be turned in such a way that the black index is 
brought vfithin the limits of the scale, and the shutter is closed, 

3) Against the corresponding position of the scale of relative apertures, 
read off the required exposure tine expressed in seconds and fractions of a second 
(Fig.iO). 

Ih.' the aid of this instrument, the exposure tine nay also be detemined - roji. 


the illumination of the objects taJ-ren. For neasur 


the illunination , a special 


cap with nil-: glass is used, which fit 
conpartnent. fr.e exposure tine is cal 


5asi'’v into the opening of the photocell 


wav as in the case wren 


the crigr.tness 


ss of the photogrS’P- cbjects is measured, 
be nc-.ed -.ha-, ir. photc—apr.inc cervair. brigh*- objects -without a 


cr exam_e narme 


:r ii start ^'inter lanis capes ) , the eccpc.sur 


jtemined bv the aid of this exposure nete:' nay 


the exposure 


I against the light cr in taking co.; 
tine should be increased by a facte 


ixTedientl;.' halved. Ir. snots, 
ndth a verc dark feregrecund. 


using this exposu 


Dositions of the nicrone^er neeu^e 


ure neter it is expedient sys* enatically 


tc veriiv are zero 


is obvious that 


nake this check it is necessar;.' conp 


npletel:.* tc exclude 


the admssion of ligh*-, to the eer.sitive surface of the photocell. In this case the 
pointer should coincide with the zero itark of the scale. If it does not do so, it 
should be matched -with the zero division of the scale bv meajis of the reg'dlating 
screw in the body of the instrument. 

The Exposure Keter of the ^Kiev Camera 

The mlnature cameras Kiev III produced by Soviet industry are equipped with a 
photoelectric exposure meter mounted in the upper part of the camera. Figs./J. and 
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show a general view and a diagram of this exposure meter. The knurled ring to 
the left of the exposure meter is directly connected with the slide contact of a 
small rheostat inside the instrument, Vrhen this ring is rotated, a larger or s m a l l - 
er additional resistance is introduced in the circuit of the current generated by 
the photocell. The needle of the micrometer, which is deflected under the influence 





v' 

V * 


?irpe Yu- 11 Leningrad rjqposure Met 


?!ea3urements 


of the light acting on the photocell, reflected frc^t the ob:ect to be taiien, is 
again returned to its original position and is riatched with tr.e lozenge shaped stgn 
on the scale. If the photocell of the exposure meter is subjected to the action of 
a higher brightness and thereby the photocurrent is increased, it is necessary to 
introduce sore resistance into the circuit in order to retin-n the needle to its 
original position. On the other hand, at a smaller current strength, the additional 
resistance laist be very small* 

Thus the value of the resistance included in the circuit nay servo as a meas^ 
ure of the brightness of the object being measured. On the outside surface of the 
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calculator of the exposure meter and of the knurled ring connected with the sliding 
contact of the rheostat, are placed: the scale of exposure tisnes. the scale of 
relative apertures and a scale of sensitivity of the negative materials used, as 
a result of the measurement in accordance with the position of the knurled ring, at 
which the needle of the micrometer is matched with the lozenge-shaped sign of the 
scale, the value of the exposure required may be read off against the corresponding 

division of the scale of relative apertures. 

V. ver,- low brightnesses of th.e objects ta>:en. the current strength produced 


in the photocell circ’ait is so sriall 


ir^xinror.: lowering o: the resist- 


. . . - -etu-n the insti^ent pointer tc its original position, 

ance, it is jj!spo3 3j.b...e * 


The ejcDosure-meter scai 


ere fore provide i 


alongside the main indicator, a lozenge 


bears the figures 2, 5, 10, 


20, ..C. ■•■'r.en the brightness of the objects taker, is very -c-, -e • o- P° 


er, even with the resistance completelv off, 


necessaiT exposure time 


-nins r.t cr near one c*: these fig- 
is determined b;/ nrultiplving the 


value determined at the given position c' the knu 


led ring 'oy the number indicated 


... ^ "’'-0 3 "device rende] 

by the instrument poir.we -3 

be made -with this exposure meter ver;c r.-eai. 

Tr.e exposure meter of the Kiev ::: c<a.m.er 

lar field corresponding to the image ar.a,--e o. 


his .device renders the range of measurements that can 


> is a brightness neter wit.*", an ang 
a lens of focal length 5-0 cr., and 


~ i-Vg objects taken. 

designed to make Integral brightness meas.ir 

>-frerences between the a.n^alar field of th.e exposure meter and the image^^^ 
angles of lenses of different focal lengths may exe:-t a veer substantial ir.fiuence 
on the results of measurements when interchangeable lenses 

.--e exact determination of the exposure con- 

In making integral measurements, ...e e..a- 

aiti™ th. eoner.--. v.lu,. .r »!».»..■ .I—*-, 1, 
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In shots of objects with average brightness ranges incl\ 2 ding most of the sub- 
jects taken, the use of this exposure meter assuixs results of good qiialit^. In 
shots of Y^ry high-contrast subjects, vd.th great brightness ranges, this circum- 
stance nav lead to substantial errors in the determination of the exposure. 

Certain corrections must therefore be applied to the readings of the exposure 
meter of the Kiev III camera for shots tai>:en against the light, or of interiors, 
and when artificial light is used. 'Hius, for example, in a shoe against the light, 
to assure bringing out the details in the shado-ws of the object, a somewhat longer 


exposure should be given thac: t:.at indicateu rr.' t 


he inst rumeiit • In interior taj-ies. 


with natural illuminat. ion, i: 


the object taluen is i] 


exr>edient to reduce the e>:T>cs"-re tim.e 3omew..a- 


odescent b-lbs, owing to 


tween the different spectra-, sensitive -y 


:'.e negative mater 


..r.en using rvanc 


is e>cpedient tc increase the exposure time: 
Lc re native materials of »»Fant;arcr^3” tr?«» 


non c h roma tic n ega t i v e i i 


>) '.Cr.en using ordina™' panchromatic 


iterials, by 100'. 


3, .'hen using ortr.cc.troma' 


negative materials, by a i actor of aoout 2. 


ae exact value of these corrections s 


hould be found by test exposures. .r.e 


sensitivity of the negative ma 


.erials used, as already stated. 


intimately 


related tc the conditions of development. *.te use of special, sc-called fine gra-n 
developers in miniature cacera work req-uires a certain increase in the exposure 
tine of the file. Since precisel^v such developers must be used on the films taken 
vri.th the Kiev III canera, this was already taJren into account in calibra.-lng the 
scale of the exposure meter of this camera. 


h) 

\ 


h. 
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